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Art. XI.—A Solution of the Aurora Problem; by Prof. 
Frank H. 


THE problem of the Aurora to which reference is made, is 
the question of the location in space of the visible arch and 
streamers, referred tc the surface of the earth, as seen by an 
observer. This is becoming a matter of more importance than 
it onee was, because the progress of discovery shows that it is 
one of the indices of the physical connection between the sun 
and the earth, as communicated through the medium of the 
ether. It therefore holds the same relative position that light 
and heat do to meteorological phenomena, or that induction 
does to magnetic variations. But it has the peculiarity of 
marking out the paths of the magnetic and electric forces that 
enter or depart from the earth, for it will be assumed that 
observations have already settled the fact that the auroral 
streamers coincide with the direction of the lines of force sur- 
rounding the earth, considered as a magnet. If there are any 
variations from this condition, it will be one of our ultimate 
objects to discover them, and perhaps the laws governing the 
same. At present, however, we limit ourselves to the simple 
case of the problem, namely the heights, and the distance of a 
ray from the observer. I am sorry to say that, so far as my 
knowledge extends, after a diligent search, there are no obser- 
vations on record of the right form, that will enable me to 
test the theory. It is my object in this paper to explain the 
solution, and a simple piece of apparatus, in hopes that before 
long a suitable set of measurements may be made. 
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The methods of obtaining the heights of auroras hitherto 
given have afforded very discordant results, and a brief inspec- 
tion shows that one or more terms of the problem have been 
assumed, which of course implies the discordant results men- 
tioned. In my analysis there is one assumption at the begin- 
ning, but it is checked by the measurements, so that we resort 
in effect to a solution by trial and error. Auroral heights have 
been treated in several ways, (1) by parallax from two stations 
near the same meridian, the distance between the stations 
being known; (2) by observing a distinguishing point from 
two stations on different meridians, to determine the height 
and the azimuth of the point of vision; (3) by certain meas- 
ures from one station ; (4) by comparing with the height of 
neighboring objects. The results for height range from 75*" 
to 1600*", in fact from the ground to the limits of the atmo- 
sphere. One general criticism applies to all these methods, 
that observers are not sure of seeing the same point continu. 
ously at one station, or of seeing the same point at all from 
different stations. M. Biese and M. Pétrélius, near Sodankyla, 
were stationed 4°5 miles apart in the same meridian, being con- 
nected by a telephone line. Having arranged to observe the 
same object simultaneously, Biese sent this message, “ fix the 
line where the red ray is found ;” at the other station no red 
ray could be seen. 

Nordenskidld’s solution rests upon an hypothesis regarding 
the position of the center of the visible auroral circle above 
the surface of the earth. He measures the apparent altitude 
of the center of the arch (7), the amplitude of the arch on the 
horizon (28), and assumes the angle at the center of the earth 
between the station and the radius to the center of the visible 
circle. Hornstein assumes the angle at the center of the earth 
between the radius to one of two stations on the same meridian, 
and the radius extending to the point of measurement, which, 
as in the former case, is the same as assuming the distance 
from the observer to the given point. Newton assumes the 
distance from the observer to the center of curvature of the 
nearest part of the belt of the maximum number of auroras, 
which amounts to referring the phenomenon seen to the mag- 
netic system of the earth. His solution relates only to the 
arches, but I shall show how with an assumption similar to his 
we may utilize the streamers, as distinguished from the arches, 
supposing those to lie in the lines of the magnetic field sur- 
rounding the earth. 

The observations required consist in measuring the angle of 
inclination of a streamer to the vertical plane passing through 
the station, together with the azimuth of the ray, prolonged if 
necessary, at the point of its springing from the horizon. An 


: 
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instrument can be readily constructed for this purpose. A 
horizontal circle for azimuth, 
levelled, the zero reading be- 
ing set to the North geographic 
pole, carries a vertical are 
graduated + 90°; the zero 
being at the top. At the 
center of this semicircle swings 
a bar having one edge straight, 
marked off with a linear scale. 
The sight line is on the diam- 
eter of the azimuth circle that 
pierces the center of the ver- 
tical semicircle, and may be 
simply a couple of diaphragms. 
The observation is made by 
turning the edge into 
such a position that it will lie 


parallel to the axis of a ray, 
or any other line to be meas- 
ured, reading the top and bot- 
tom of the visible ray on the 
divisions of the linear scale, 


which gives the ye ed dis- Fig. 1.—General plan of an apparatus 


tance of the same from the for measuring the inclination of a ray to 
point of disappearance of the the vertical. 

ray as it passes the horizon; also reading the angle on the 
semicircle at which the arm is inclined from the vertical; and 
the azimuth on the horizontal circle of the point at which the 
ray touches the horizon. Such an observation can be made 
very quickly, even so as to take the rapid flashes of the vibrat- 
ing auroras. The more inclined the rays from the vertical 
the more valuable the observation, and if the ends of the arch 
show streamers also visible at the horizon, they will be those 
especially desirable to secure. 

In the following solution we shall utilize the equation, cotan | 
l= 2cot@=2tanm, which was explained in my paper on the 
Corona (this Journal, Nov., 1890), the notation being, 7, 0, the 
coordinates of any point on the curve whose equation is, 
N= oi ithe angle that the line of force makes with 
the radius to the point, and m the angle that the circle-tangent 
makes with the polar axis of reference. We take as the polar 
axis the radius that passes through the magnetic poles, which 
would be accurate if the potential were uniformly distributed 
in the earth considered as a magnet, but actually to that point 
of the surface to which the ray really belongs, as referred to 


86 Bigelow—Solution of the Aurora Problem. 


the existing non-homogeneous distribution. It may be hoped 
that an accumulation of the observations proposed will throw 
some light upon tle pole of reference, as distinguished from 
the principal magnetic pole. 
Pass a plane through the station of observation, tangent to 
the sphere at A, intersecting the magnetic pole of reference 
2. extended in B, and the aurora ray in 
B C, the triangle A B C, being there- 
fore in the tangent plane. Draw 
AD at right angles to AB. Now if 
planes be passed through these lines 
and the center of the sphere, the 
traces of intersection of the planes 
with the surface of the earth are as 
follows : 
the trace of AB is AP, 
“ “ DB DP, 
“ “ AC ARF, 


Connect the center of the sphere 
with A, B, C and‘ D; OC pierces 
the sphere at F. 

Let the ray spring from the 
sphere at E, and reach the horizon 
plane at C, the visible portion being 
CH, upon which the measurements 
are made. Since a ray of given 
polar distance 0, has a given inclina- 
y tion to the perpendicular to the 

Fig. 2.—Showing the relation tangent plane at OC, by measuring 
of a ray with respect to the the angle and interpreting it as pro- 
a jected on a plane perpendicular to 
the line of vision AC, we have the means of describing its 
location in space. For of all the lines of force of similar 
reference that the line of vision passes, there is only one that 
can have the inclination due to a ray at the distance AC. This 
can be easily perceived by considering these lines around a 
sphere. Hence by standing at A the only question is how far 
aa the line AC must one go to meet the ray whose angle, 
corrected for projection, will correspond with the one that is 
measured. The critical angle of our theorem is therefore at 
B, namely ABO, on the tangent plane, or the equivalent AOC, 
at the center of the sphere. If we assume AOC and compute 
thence to the measured angle, as will be explained, and find 
the values to be the equal, we have chosen the correct value of 
AOC. Thus by trial and error, may be found the true angle, 
and the distance of the point C from the observer. 
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Let « = polar distance of station A to the pole P. 
“ y=angular distance from station to the point D on the 
plane. 
‘* w= angular distance from station to the point C. 
The ray lies in the plane, C, PEFD. 
AD =r tanv. 
AB=rtanu. tan B= tan vcotu. 
In the triangle ABC, 
A = the measured azimuth from magnetic meridian. 
e = AB=rtanu. 
B = the value obtained by assuming v. 
Compute, 
b = distance of observer to base of ray on horizon. 
C = 180 —(A+B), which varies with v. 
b= c sin B cosec C = r tan w. 
OC = rsec w. 
FC =r secw—r = r (sec w —1), the height of C above the 
surface of the earth, measured along a radius. 
At C this radius makes with the perpendicular to the plane, 
the angle w, lying in the vertical plane AOC. 
Furthermore in the plane triangle BOC, we have, 
OB=rsecu= ce’, 
BC = a may be computed from the formula, 
a= Hence 
~ sin(A+B)° 
(s—0)) (s—c’) 
8(s—a) 
magnetic polar distance of the point C on the ray. 


tan30’= 


, 9 being the angle BOC, or the 


Now we have by Gauss’ Theorem, 
2 cot = 


where / is the angle that the ray at the point C makes with the 
radius of the earth to that point. This is the angle which is 
seen by the observer in its projected position. 

_ If we assume the true length in space of the measured por- 
tion of the ray to be s, we have by fig. 3, the projections of s 
on the radius CK, and CI at right angles to the radius in the 
plane of the ray, 


CK = scos/, CI = ssin 


The projection of CK on CN the normal to the plane, drawn 
at the point C, is CM =scoslcosw; and of od on OL per- 
pendicular to CA, is CL = ssindsin (A+B). Therefore, rep- 
resenting by 4A the difference in azimuth of the two points 
of pond ray, and by 4A the difference in altitude of the same, 
we find, 


‘ 
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s sin /sin(A+B) 4A, 
s cos 7cos w =: dh, 


‘ 4A 
tan /sin (A+B) see w = Fh 


Since the left hand number of this equation is derived from 
theory, with the help of one assumed angle, and the right 
hand member comes from observation, we have a test of the 
correctness of our assumed angle. By trial and error, or 
using this as an equation of condition, we can arrive at the 
true angles involved. 


Fig. 3.—Showing the projection of the ray upon the reference plane. 
We have now found the true value of 7’, 6’, for a point C on 
the ray, and hence the order, N, is given by 
na 
3° 
Then we may change from 7” to 7 = 1, at the surface of the 
ground, and get the angular distance of @ from the magnetic 


pole, by 


3 
sin’? = —., 
n 


For the height of C above the ground, we take 7’—7 cos (6’— 8), 
measured on the radius 7”. 
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I have used simply an orthogonal projection as the easiest to 
illustrate the theory, but obviously the vanishing point may be 
_ at A, and the necessary modification introduced into the 

ormule. It may be remarked that since the visible distance 
of an aurora can be estimated within narrow limits, as it must 
be closely related to the latitude of the station, it will not be 
difficult to make the first assumption of the angle within easy 
range for computing. The change in the value of ¥ is really 
a variation of the distance of the ray from the observer, and 
it is this quantity that has been so difficult to secure. Having 
once derived this distance correctly, a whole series of problems 
lie ready for discussion, as arising in meteorology and terres- 
trial magnetism. 

1 have shown in a recent paper that the coronal action of the 
sun arises from a potential of the magnetic type, and from 
magnetic observations it has been found that this influence is 
felt at the distance of the earth from the sun, as indicated by 
the responsive display of auroras after some outburst of the 
solar energy. It is to be hoped that this disturbance may be 
traced in the auroral lines, by their inductive displacement in 
the upper regions, though it may be too small a quantity to be 
detected by the observations. The whole subject of cosmical 
interaction of the sun and the earth, through the medium of 
the ether is so important, that this question of the aurora is 
one of vital significance, from its connection with it. I there- 
fore venture to appeal to observers to make such observations 
of the auroral rays as I have indicated. My only apology for 

resenting the theory without experimental evidence is the 
act that these measurements do not exist, although there is no 
reason to suppose they will be very difficult to make, and they 
= undoubtedly be interesting in future discussions of the 
subject. 


Art. XII.—Columbite and Tantalite from the Black Hills 
of South Dakota ; by W. P. HeappEn.* 


1. CoLUMBITE. 


THE occurrence of columbite in the Black Hills was first 
noticed by Prof. W. P. Blake in 1884+ The localities then 
known were the Etta and Bob Ingersoll mines, in Pennington 
Co., 8. D., and within a few miles of each other. Since that 
time the mineral has been found at a number of localities in 

* The larger part of this article was read before the Colorado Scientific Society, 


Aug. 4th, 1890. 
+ This Journal, xxviii, 340, 1884, 
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the same county, and also in the Nigger Hill district in Law- 
rence Co. It is found with all of the stream tin, very sparing- 
ly, however, in that from Two Bit and Mace gulches in the 
Nigger Hill or northern district. Its presence with the stream 
tin suggests its possible association with the cassiterite in the 
veins whence the stream tin has been derived. This inference 
is only partially correct. The columbite is not always associ- 
ated with the cassiterite, but I have found no columbite where 
cassiterite did not occur in the same vein—sometimes, but not 
always, intimately associated with it. 

The chief occurrence of columbite in the Black Hills is at 
the Etta mine. It is abundant in the upper part of the open 
work on the southwestern and southern sides of the hill, where 
it occurs in a zone of beryl. In other parts of the mine it is 
associated with spodumene, feldspar, and sometimes quartz. 

The line between the beryl and the tin ore, which in this 
case is a mixture of albite and muscovite, carrying an almost 
black cassiterite, is sharply defined. Sometimes there is an 
intervening band of pink feldspar, the mass of which is formed 
of radiating plates, and has a well defined but undulating and 
jagged upper boundary. This feldspar is probably an altera- 
tion product, as is suggested by its mode of occurrence and by 
the fact that the small spodumene crystals which occasionally 
occur in this association, have undergone complete change. 
The columbite occurring here is, in a general way, confined to 
the beryl, the crystals standing with one end upon or even pene- 
trating the tin ore, while the crystals themselves are imbedded 
in the massive beryl. The individual crystals are comparatively 
small, crowded together, and often penetrate one another. This 
is not true, however, of other parts of the mine, where the 
crystals occur of larger size, but as isolated individuals or form- 
ing groups of a few crystals. The largest individual crystal 
in my possession weighs 14 pounds, and the largest group, con- 
sisting of two and a part of a third crystal, weighs 304 pounds. 

The Peerless mine, about half a mile north of the Etta, has 
furnished but one or two larger aggregates of crystals and a 
few thin plates which occur in the interstices of the quartz 
masses. One of these larger masses was found on the surface, 
where the weathering away of the granite had probably left it. 

The largest mass of which I have personal knowledge occurs 
in the Sarah mine, about one-quarter mile northwest of the 
Etta. The section of this mass as it is exposed is 8 in. X 14 in. 
I could obtain no information as to how much has already been 
removed, and there is no exposure showing how far the rem- 
nant extends into the enclosing rock mass. This is the only 
specimen which I could find in the mine; there is, however, 
not much work done at this point. 
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On the Newton lode it occurs very sparingly in thin plates, 
associated with beryl, which occurs disseminated through the 

ranite in individual crystals from an inch to one and a half 
inches in diameter and several inches in length. Both the 
oceurrence and the association of these minerals in the Newton 
lode are entirely different from that of the Etta mine. 

The only piece of columbite found at the Bob Ingersoll mine 
has been described by Prof. W. P. Blake, who estimated its 
original weight to be 2,000 pounds. At the time of my visit 
to this locality only a small portion of this mass remained, it 
having been broken to pieces and carried away or cached. I 
obtained some smaller pieces, varying in weight up to thirty 
pounds; such a piece is now in the cabinet of the Dakota School 
of Mines. The mineral occurs in small crystals, and sparingly 
at the other localities which I have visited in the southern sec- 
tion, and the same may be said of the northern section of the 
Hills. 

No measurements have been made on any of the crystals, and 
the description here given may need subsequent alteration. 
Well terminated crystals are rare and usually small. The best 
and indeed almost the only fair crystals obtained are from the 
beryl which occurs in the Etta mine, but I have in one speci- 
men, from an unknown locality, two clusters of several crystals 
each, in which the crystals are well terminated. 

The crystals occurring in the Etta mine vary greatly in luster, 
and also in their modifications. The usual form is tabular, the 
crystals being sometimes two inches wide, two or more inches 
long, and not exceeding one-quarter of an inch in thickness. 
The terminations of such crystals are always poor. The sur- 
faces recognized on such are: 010, 110, 130, 100, 132, 102, 
001, 031. These forms are not recognizable on all of the crys- 
tals ; sometimes the prism 130, and sometimes both prisms are 
wanting. The crystals are often thinner at one edge than at the 
other, and are otherwise distorted; they are sometimes vertically, 
again irregularly, and even horizontally striated. The strize on 
the Etta crystals do not appear to be due to polysynthetie crys- 
tallization. The luster on the different surfaces is not equally 
bright; that of the macropinacoid is almost always shining, 
while the basal pinacoid is very often dull, as ou finely 
etched. In color the duller crystals are of a grayish black ; the 


brighter ones of a pure black. The streak is, when not other- 
wise designated, a dark brown, and the powder, grayish black. 
The mineral from the Hills differs from specimens obtained 
from other sources in two respects: in fracture, which is rather 
fine-grained and quite dull in luster, while sub-conchoidal frac- 
ture and iridescence on fractured surfaces are almost wholly 
wanting. 
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The smaller crystals are more highly modified than the larger 
ones, as the following readings show. Both erystals here given 
are from the Etta mine. The forms observed are: 001, 061, 
031, 032, 010, 110, 130, 100, 122, 132, 102, 131, 101(?), 111 (?). 
A fragment of a small and very bright crystal gave the follow- 
ing: 001, 031, 0382, 010, one prism, probably 130, a brachy- 
pyramid 122(?), 102, 113. The larger crystals are much simpler, 
the usual forms being 001, 031, 010 and 100. The crystals 
from the unknown locality have a rather strong luster on all 
surfaces, and 010 is strongly striated, due to polysynthetic crys- 
tallization. The macrodomes are wanting, and the other sur- 
faces are 110, 100, 162(?), 102, 131, 001. The crystals from the 
Advance claims have a different habit, being prismatic. 

The occurrence of columbite in the northern Hills is con- 
fined, so far as known, to the stream-tin and to the three claims, 
the Centennial, the Uncle Sam and the Yolo. The crystals 
from the stream-tin are either tabular or stout prismatic in 
habit with quadrangular sections. Those from the Centennial 
claim are bright tabular crystals resembling those from the 
Etta mine; the few small crystals obtained from the Yolo claim 
show only the three pinacoids. The mineral is not abundant 
in this section, neither of those claims having furnished more 
than a few pounds of it. 

My specimens from the stream-tin came from Mallory and 
Upper Bear gulches; for the former I am indebted to Mr. 
Mark Hydliff, for the latter to Capt. St. John, both of Bear 
Gulch. The columbite from Mallory Gulch and from the Yolo 
mine is different from that of the southern Hills, and also from 
that found on the Centennial claim. The latter occurs in an 
intimate mixture of albite and quartz, and forms black, shining 
tabular crystals, while the Yolo mineral occurs in irregular 
masses in a mixture of albite, quartz and muscovite. Its color 
is dark gray rather than black, and the small plates of mica 
adhere to it, forming a kind of coating. These masses and the 
only tabular crystals which I have definitely recognized, have 
been broken and the parts moved past one another ; the parts 
correspond perfectly, and the space between them is filled indif- 
ferently with quartz, fine granular albite or mica, according to 
the nature of the adjacent mass, which shows the order of their 
separation and the igneous character of the vein. 

Method of analysis.—The mineral was decomposed by fusion 
with potassic hydric sulphate, the fused mass powdered and 
boiled out with water, at least twice, and the mixed acids 
digested with ammonic sulphide to remove any stannic and 
tungstic oxides. I found Blomstrand’s objection to fusion with 
sodic carbonate and sulphur, i. e., that some of the acids go into 

‘solution fully justified. The ferrous sulphide was dissolved 
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out with dilute sulphuric acid, the mixed acids were thor- 
oughly washed and dissolved in hydrofluoric acid, the solution 
after the addition of a sufficient quantity—8 to 9-tenths gram— 
of potassie fluoride, was evaporated on a water bath until the 
residual mass was simply moist—it was not wet and also not 
perfectly dry ; for if evaporated to perfect dryness, even at the 
temperature of a water bath, the subsequent solution in water 
is apt to be turbid, due to the decomposition of the double 
fluoride. The moist mass was dissolved in the least possible 
quantity of boiling water, the solution concentrated a little on 
the water-bath, and then allowed to cool. The tantalic potassic 
fluoride will have separated, almost completely, by the time the 
solution has become cold. After standing for an hour or so 
the crystals of potassic tantalic fluoride are filtered off and 
washed with water acidulated with hydrofluoric acid and 
containing also a little potassic fluoride. The united filtrate 
and wash-water are again evaporated, when a small amount of 
the double salt will be obtained. This second crystallization 
should be examined under the microscope for the plates of 
potassic columbic fluoride, the appearance of which is a good 
indication that the solution has been suiticiently concentrated 
to allow of the complete separation of the potassic tantalic salt— 
a third evaporation is seldom necessary. I find this method for 
the separation of tantalic from columbic acid preferable to that 
proposed by Rammelsberg, i. e. to fuse with potassic fluoride. 

he method as described yields clear solutions of small vol- 
ume. The complete but not over-washing of the potassic tan- 
talic fluoride is the most delicate manipulation in the process. 
The filtrate containing the columbic acid is evaporated on a 
water-bath, after the addition of 25-30 drops of concentrated 
sulphuric acid, so long as aqueous vapor is given off, when it 
is transferred to a ee bath and a part of the excessive sul- 
phurie acid expelled, the columbic acid is subsequently thrown 
down by addition of a sufficient quantity of water and boiling. 
If the quantity of columbie acid present is large, it is better to 
add less sulphurie acid, about half so much, and a quantity of 
potassic hydric. sulphate, evaporate to dryness and fuse the 
mass—the columbic acid obtained by boiling the fused-mass with 
water is more granular and filters better. The tantalic acid was 
invariably weighed as Ta,O,, after ignition in an atmosphere of 
ammonie carbonate. The analyses of my specimens presented 
no other difficulties. 

The hardness of the specimens varied but little from 6, and 
the fracture as previously stated is uneven, with a tendency to 
fine granular rather than to sub-eonchoidal. The sp. gr. and 
composition vary not only with locality but with the individual 
crystals from the same locality to such an extent that from an 
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analysis of one crystal, not even an approximate estimate can 
be made of the composition of an adjacent one. 

Of the following analyses, I-VIII, were of specimens from 
the Etta mine. 

Some notes about the individual specimens analyzed are 
here added : 

I-VIII. Htta Mine.—l. The original large piece of rock, 
from which this specimen was broken, is now in the cabinet of 
the University of New York, and this, which is an older analysis, 
is given here because it is the only specimen having so low a 
specific gravity which I have found at this locality. The 
tantalic and columbic acid were separated in this analysis by 
fusing with caustic soda and subsequently treating the solution 
with carbon dioxide. IV. This was one of the group of 
three crystals weighing 304 Ibs. V. A large individual crystal 
weighing 14 lbs., for which I am indebted to Dr. F. R. Carpen- 
ter. ViIaand b. These are not duplicate analyses of the same 
piece, but of what I supposed to be distinct specimens. One 
analysis was made a year subsequent to the other. VIIa. 
Crystal weighing about a pound, the smallest of the crystals 
forming the group, weighing 304 lbs. It seems to be inter- 
grown with the other crystals at the base. VIIb. Specimen 
found in the collection of the late Prof. Jansen, a fragment of a 
large crystal, showing the characteristics of the Etta mineral. 
VIII. The third crystal in the group of three before mentioned, 
shows but two pinacoids, 010 and 100. The upper portion of 
the erystal is broken off. For analysis of the other crystal see 
analysis Nos IV and VIIa. 

IX. Peerless Mine.—Fragments of a crystal from a mass of 
erystals found on the surface; occurrence similar to that at 
the Bob Ingersoll Mine. 

X. Cora Mine. (?)—A large massive piece, free from rock 
having the appearance of having been broken out of a larger 
piece. It was obtained from Mrs. Wm. Franklyn. While 
this specimen is from another locality, and has different physi- 
eal properties from the preceding it has the same molecular 
ratio. 

XI. Peerless Mine.—Part of the second mass found in the 
mine, analysis No. IX was of the first piece found. They 
resemble one another more in composition than in physical 
properties. 

XII. Bob Ingersoll Mine.—From the mass originally de- 
scribed by Professor W. P. Blake. The fragments show that 
this was a large aggregate of crystals; one piece showed a 
erystal with fair terminal surfaces. 

XIII. Sarah Mine.—From the large mass described on 
page 90. This and the specimen from the Cora are the 
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only samples which are not unquestionably crystallized; it 
may have been a very large crystal; but it is not an aggregate 
of crystals as was the mass from the Bob Ingersoll. 


II. 


¥- 


Sp.grav. 5890 6181 
Cb205 
Ta,05 
FeO 
MnO 
CaO 


54°09 47°05 
18°20 34:04 

11°21) 11°15 


Atom. equiv. 
Cb.0; 47°82) 35°12 


56°01 50°66 


| | 
| 34:80 30°12 
8:19 15°33. 


Vib. VITa. 


| 


6°245 6°376 6°515 


46°59 40°37 3994 
35°14 41°14 

018 0:13 

744 8:28 
10°94 9°09 


35°17 31°80 
47°08 52°14 
0-10 
6-00 

10°7 


100 88 100°33 100°29 99°89 100°31 100-20 


26°16 
21°62 
0°20 


15°83 18°53 
0°13, (0°09 


50°76 48°74 47°88 


FeO 


10°30 11°50 


11°62 


100-02 100°75 


26°25; 23°73 
21°20 23°48 
0°20 0°06 


6°750 


31°31 29°78 
52°49 53°28 
0°09 0°13 
610 611 
110°71 10°40 


100°70 99°78 
23°37) 22°22 


23°64 24°00 
0-06 0°09 


47°65 47°27 
| 
11°64 8°33 


47°07 46°31 
847 8-48 


| 
15°57) 15°48 
9°96 10:96 
25°53, 26°44 
Atom. ratios. 


MnO 15°40 12°80 


13°20 «12°70 15°08 15°08 14°75 


23°55 23°23 


24°82 24:34 23°41 


XIV. Locality unknown.—This crystal was black, shining, 
vertically striated, tabular in habit, with 010 somewhat curved 
due apparently, to the successive deposition of thin plate-like 
individuals, each a little narrower than the preceding one— 
this cause will also explain the striation in this particular case. 

XV. Mallory Guleh.—Nigger Hill District. Material was 
furnished me by Mr. Mark Hydliff, its color, streak and 
powder were light-brown; hardness inferior to that of the 
columbite from the veins; mass much cracked and inclosin 
mica. Analysis XVO gives the result after treatment with 
HCl. XVI. Same source, more compact but otherwise same 
as preceding. 

Analyses XIV, XV, XVI, agree in giving the following 
approximate molecular formula. 


3RCb,0,+2RTa,O,, with R=Fe, Mn 


¥ 

These specimens have already undergone some alteration indi- 
cated by the presence of lime, magnesia and ferric oxide solu- 
ble in hot dilute hydrochloric acid. The low ratio of the 
acids to the bases is probably due to this cause. A similar 


6612 
35°11 
4711 

0°35 
8°37 
9°26 

19°35 
11-93 

1233 
25°70 24:30 24:2 
Cb:Ta= 6:1 7:3 7:3 5:3 3:2. 5:4 | 1:1°08 

Fe: Mn= 8:5 | 8:3 | 233 | | Vet 1:1 5 4:7 
*-10 MgO. 
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fact has been observed in regard to the stream tin, i.e. that 
it is richer in iron than the cassiterite from the adjoining lodes. 

XVII. Yolo Mine.—Nigger Hill District My attention 
was called to this occurrence of columbite by Capt. St. John. 
owner of the property who also furnished me my best speci- 
mens of the mineral. This is different from any specimen 
yet described. It is fine-grained, gray-black in color, and 
the small irregular masses are penetrated by seams of mica and 
coated with scales of the same. It is the only specimen in 
which I have detected any admixed cassiterite. From analysis 
XVIla, 4:46 per cent, and from 6, 4°64 per cent have been 
deducted. The high percentage of tantalic acid indicates that 
this mineral is rather a tantalite than a columbite; on the 
other hand the few small crystals obtained from this locality 
have the form and habit of columbite and if this observation 
is correct, the mineral should be classified as columbite. 

The three following analyses are introduced here, partly for 
their own sake and partly for comparison. 

XVIII. Yurkey Creek, near Morrison, Colorado. Specimen 
furnished by Mr. Richard Pearce of Denver. It occurred as 
plates packed close together and enclosed between them 
was some pinkish feldspar, it is stained with a thin yellow 
ochreous incrustation. 

XIX. Haddam, Conn —Specimen bought of Messrs. Geo. 
C. Engtish & Co., Phila. Color black, luster sub-metallic 
rather shining, fracture sub-conchoidal with slight irideseence 
on fracture surfaces. Easily distinguishable from the Black 
Hills mineral. 

XX. Mitchell Co., N. C_—Specimen bought of Dr. A. E. 
Foote, Phila., it resembles the Haddam mineral but is not so 
compact. 


The first eight specimens are all from the Etta mine and are 
arranged (p. 95) in the order of their specific gravities. It will 
be seen that the amount of tantalate increases with the specific 
gravity and emphasizes the fact that these various isomorphous 
mixtures not only occur at the same locality but may even form 
the individual members of groups of crystals. They all have 
the habit and form of columbite, but the ratio of Cb: Ta grad- 
ually falls from 6:1 to 1:1, and in the case of the Yolo min- 
eral becomes 1:14. If we examine the ratios afforded by the 
two specimens of Broddbo tantalite analyzed by Professor 
Rammelsberg we find in one case the ratio of Cb: Ta=1: 1, in 
the other 3:2. Professor Dana says of the columbite from 
Northfield, Mass., analyzed by W. J. Comstock (Appendix III, 
page 30), “The Northfield mineral had the form and habit of 
ordinary columbite though it is essentially a tantalite. This 
was also true of the Branchville (Conn.) mineral... .” The 
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XIla. XI1b. XIII. 


XIV. 


6°393 | 


37°91 
| 44°55 | 
| 0°09 
6°70 | 
11°05 
tr. | 


80°98 
0°09 
618 
13°42 


57°32 

23°43 
0°09 
6°29 

13°55 


67565 
61°72 
18:93 
0°25 
11°21 
3°67 


40°07 
42°92 
0°20 
9°73 
7:24 


100°14 


27°83 
20°21 
0 06 


100°30 


28°30 
| 20°07 | 
0-06 | 


100-49 


30:06 


48°10 


9°54 | 
15°52 


| 


48°43 


9°30 | 
| 15°56 


25-06 
| | 
278:2 2-83: 2 


94-86 


3:5 


3: 
3 


100°67 


42°80 
42°80 
0°06 


55°66 


8°80 
19.00 


100°68 


100°79 100°16 
46:07 
8°53 

| 


54°77 


29°90 
19°34 
0°13 

| 49°37 
13°50 
10°20 


15°77 
11°92 


27°80 


7:3 


27-49 23°70 


1 12323 1 328 


3:2 | 3:2 


| 
. XVOD. | 


XVI. XVITa. 


XVIIb. 


XVIII. 


XIX. XX. 


| 


100 67 100°58. 


3111 
18°10 
0°06 


30°20 
18°46 
0°10 


48°76 


49°27 


13°72 
12°44 


13°82 
12°72) 


26°54 


| 
| 


6°592 


24°40 
57°60 
0°41 
14°46 
2°55 


25°01) 


56°82 
0°31 
14°03 
2°58 
0°79 


5°383 


73°45 
2°74 

11°32 
9°70 
0°61 


99°89 100°15 


27°82 
20°00 
0°10 


18°34 
25°95 
0°31 


99°54 


18°88 
25°60 
0°20 


55°00 
0°30 
0-64» 


5-780 


60°52, 70-98 
19°71, 9°27 
009 0°17 
12°64. 12-21 
7°30 
tr. | 0°80 
| 
100°47, 100°73 
45416 52°97 
9-88 417 
006 O11 


47°92 44°60 


12°90 
12°22 


20°30 
3°60 


25°12 


23°90 


7:5 4:5 
6:1 


44°68 


19°46 
3°65 


55°94 


15°70 
13°40 


54°10 - 57°25 


17-55. 16°96 
10°57 10:30 


—-- ——-—— (a0 1:35 


23°11 


29°10 


1:0 
8:7 


| 28°12) — 
| 28°61 
| 6:1 | 


13; 1 
1°75:1 


8:5 


® Incl. WO; 1° 


14, 


> Incl. 0°50. 


|_| 
Ix. | x | 
| 
37°29 40°28 
44°87 42:09 { 
0-19 
FeO 6°87 670 | 
Atom. equiv. 
1900... 
f 
| 2515 | .... 
Atom. ratios. ; 
Cb,05-.------ 41°69 40°48 37-28 
Ta,0;.------. 40°19 40°97, 44-48 
Sn0, O11 0°15 0°16 
FeO _....---- 988 9°95) 9°29 
MnO..-...... 870 9°03 868 
Atom. equiv. 
Sn0, 
2616 
Atom. ratios. | 
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analysis of the Northfield mineral gives 1:14 as the ratio of 
Cb: Ta, while that of the Branchville mineral by the same 
analyst gives 1:1 for the ratio. It will be noticed that of the 
twenty specimens from different localities in the Black Hills, 
seven of them contain the Cb and Ta in the ratio of 3: 2, four 
contain them in the ratio of 1:1 and one contains them in the 
ratio of 1:14. There is no doubt as to the form of these 
—- unless it be in regard to the last, but in the case of 
the Northfield mineral, which gives the same ratio, i. e. 1 : 14, 
Professor Dana expresses no doubt. The tantalite from Yan- 
cey Co., N. C., analyzed by Comstock (Appendix III, p. 118), 

ives the formula 6RTa,O,+4RCb,O,, while the columbite from 

orthfield, Mass, and the Yolo Mine, Lawrence Co., S. D., 
give the formula 5RTa,O,+4RCb,0, If the Broddbo and 

ancey Oo., N. C., specimens are real tantalites and the North- 
tield and Yolo minerals real columbites, there is an overlap- 
ping of specific gravity and chemical composition which 
destroys their value as guides in determining these minerals 
when the columbite and tantalite molecules are nearly equal 
in number. It was my intention to carry my work further 
and endeavor to show that there is chemically no sharp line 
between them, but that the tantalate may predominate in a 
true columbite to even a greater extent than is indicated by 
any of the analyses. In form the celumbite is not always 
tabular or square prismatic in habit; the pinacoids to which 
these habits are due are sometimes very subordinate and the 
columbite becomes as pronouncedly prismatic as tantalite. 
I have so far been unable to determivie the superior limit of 
tantalic acid compatible with the columbite form. 

The Turkey Creek (Colorado) mineral, deserves mention as 
being an almost typical columbite, but is, like the greater number 
of the Dakota columbites, rich in manganese. It is also rather 
remarkable that it is the only one which contains tungstic acid. 
A pure ferriferous columbite has not yet been found in the 
Black Hills, the only specimen approaching it is that from the 
Yolo Mine which contains the Fe and Mn in the ratio of 5:1; 
by far the greater number of all the others are rather mangan- 
iferous than ferriferous columbites, this is in marked contrast 
to the tantalites, analyses of which are given later. 


2, TANTALITE. 


Professor Schaeffer published in the Transactions of the 
American Institute of Mining Engineers, vol. viii, page 233, 
the identification of a mineral from the Etta Mine as tantalite 
and gives the following analysis: Ta,O, 79°01, SnO, 0°39, FeO 
8:38, MnO 12:13=99°86, sp. gr. 7°72. I have good reasons for 
believing that Professor Schaeffer’s material was from the 


{ 
q 
| 
{ 
i 
= 


W. P. Headden—Columbite and Tantalite. 99 


Etta Mine, but I have not been fortunate enough to find any 
tantalite at this locality, and Professor Schaeffer’s analysis does 
not justify his identification. Professor Schaeffer states that he 
was unable to find the least trace of columbie acid, and conse- 
quently only the tantalic acid appears in the analysis. If we 
calculate the atomic equivalents on this basis we obtain the 
following values : 


Ta 35°60, Sn 0°26=35°86 and Fe 11°57, Mn 17:°09=28°66 


The ratio is then 35°86 : 28°66=14:1 instead of 2:1. If we 
calculate the oxygen ratio on the same basis we obtain 3:1: 1 
instead of 5:1; whereas, if we consider that the 79:01 per cent 
is all columbie acid and calculate the atomic ratios, we obtain 
for Cb: Fe+Mn, 2°06: 1 and the oxygen ratio becomes 5°1:1; 
which are very close approximations to the true ratios for 
columbite. A comparison of Professor Schaeffer’s analysis 
with analyses XII@ and } makes it evident that his specimen 
was essentially the same mineral. 

The assumption that there is no tantalic acid in an Etta 
columbite is contrary to the results of my tests and analyses, 
still, it is only on this assumption that the analysis gives a cor- 
rect ratio showing the mineral to be a columbite, but a very 
exceptional one for the locality. 

In the summer of 1886 or 1887, Mr. Frank Hebert of Grizzly 
Bear Gulch brought some stream tin to the Dakota School of 
Mines to have it smelted and the tin run into bars. The yield 
was exceedingly unsatisfactory and a portion of it was not 
smelted, but by accident or otherwise was mixed with some 
stream tin from Bear Gulch, a locality in the Northern Hills, 
A little over a year ago I examined some of this material and 
was lead to believe that some of it was tantalite, and the preced- 
ing facts not being fully known to me at the time I supposed the 
tantalite to be from the northern section of the Hills. This 
was not the case; as I have since found more of it in stream 
tin from Grizzly Bear Gulch but have found none in the stream 
tin from Bear Gulch. The stream tin in which I found the 
tantalite was also from Mr. Hebert’s placer ground near the 
Tin Queen Mine. The largest piece weighs 5 grams and has a 
specific gravity of 8-2. The mineral has not yet been found in 
place but these fragments have unquestionably been derived 
from the Tin Queen lode which lies immediately above the 
placer ground—this placer is worked for gold. The tantalite - 
is perceptibly harder than the columbite and the streak and 
powder are dark brown. The method of analysis was the same 
as for columbite. 

AM. Jour, Series, Vou. XLI, No. 242.—Fesruary, 1891. 
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I. Hebert’s Placer, Grizzly Bear Gulch, Pennington Co., 
S. D. Piece weighed 25 grams. II. Same locality, fragment 
not so large as preceding. III. Same locality, weight of sam- 

le 2 grams. IV. Coosw Co., Ala., specimen bought of Messrs, 
ard & Howell, Rochester. Weight 3 grams; color black, 
streak brown. The surface was quite regularly and deeply 
pitted. 
TANTALITE. 

I. II. III. IV. 

7-789 8-200 

78°20 78°35 82°23 71:37 

6-24 3°57 8°78 

0°58 0°32 5:38 

14°05 12°67 8-44 

114 133 . 5°37 


100°36 100°12 99°34 
Ign. 0°20 deducted. 


35°29 37°05 
4°66 2°66 
0°38 0°21 


40°38 39°92 


19°48 17-79 
1°60 1°59 


21°08 19°38 
8:1 14:1 


I have found several fragments of crystals showing surfaces, 
and one crystal was sufficiently well preserved to enable me to 
recognize the habit of the mineral and the following surfaces: 
001, strongly etched, two pyramidal surfaces very poorly 
developed and one prism; the sp. gr. of this erystal is 7-212. 

These analyses, especially III, show that these tantalites are 
poor in columbie acid and manganese. It is remarkable that 
this should be so, as the columbites of our localities are charac- 
terized by.a large and often predominating portion of the latter. 

I have also found two small specimens of tantalite in the 
stream tin from Mitchell’s Bar, a locality about one and a half 
miles north by east from the Etta Mine, but no analyses have 
yet been made of them. 


8. MANGANESE COLUMBITE. 


The mineral described in this note occurs on the Advance 
Claim, one of the Dixie group of tin mines, on Elk Creek 
about one and a half miles south of the Etta mine, Penning- 
ton Co., 8. D. It oceurs in a vein of granite which apparently 
folds over the crest of the hill; its thickness was not measured 


Atom. Equiv. 
32°15 
6°55 
3°58 
40°33 42°28 
20°58 19°27 
Atom. Ratio. 
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but did not exceed two feet. The columbite was found at only 
one point: the underside of the granite is here very even and 
smooth and consists, for about two inches, wholly of mica 
erystals whose cleavage planes stand at right-angles to the wall. 
The inner edge of this band of mica is also sharply defined 
but irregular. The outer surface, that is the under surface as 
the granite lies, is filled with minute crystals of columbite 
lying in all directions as though a crop of small crystals had 
separated first, forming a swarm of them which adhered to 
the wall and the larger crystals seem to be extensions of these 
points into the mass ; only a few points, however, have developed 
into larger crystals. If there were two periods of growth, this 
would account for the peculiar pointed appendages to many of 
the crystals. Many of these crystals are short, doubly ter- 
minated but much distorted, and attached at the side as the 
more perfect ones indicate. 

The band of mica varies in thickness up to two inches and 
seldom incloses any other mineral than the columbite; the 
quartz and feldspar, (mono- and triclinic) rest upon the mica 
while an occasional beryl penetrates its mass. The columbite 
crystals do not enter the beryl as they do in the Etta mine, but 
are sometimes found in the feldspar, immediately adjacent to 
the mica, they are often rusty, and some of them thickly coated 
with oxide of iron, and the most of them are not at all or only 
faintly striated. 

The crystals have a habit often observed in ordinary colum- 
bite, and such approximate angles as can be obtained corre- 
spond with those usually accepted. The planes present are: 
100, 001, 010, 110, 530, 183, 021. The development of the 
prisms 530, 110, especially the former, gives the crystals a flat- 
tened form in the direction of the macrodiagonal axis. 

I. One of the largest crystals, weighing one and a half grams, 
was used for this analysis; the crystal was rusty, and had to be 
cleaned by boiling in dilute hydrochloric acid, its color after 
cleaning was black, luster sub-metallic, a little shining, fracture 
uneven, streak brown, powder grayish brown. Specific gravity 
= 6170. II. Three small crystals, specific gravity not deter- 
mined. The analyses are as follows: 

I. at. 
Sp. grav. = 6°170. Sp. grav. undetermined. 
At. equiv. At. ratio. At. equiv. At. ratio. 
35°25 34°07 
15-44 50:90 16-00 2-01 
25 


Ratio Cb: Ta=7:3, Fe: Mn=2:17. 


FeO...-.. 189 262) 229 
MnO 1625 21:97 { 24:59 1625 
99:98 100-00 
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The results of I and II agree as closely as could be expected 
when we consider that each of the three different crystals of 
II may have, and probably did, represent different molecular 


mixtures. 


Art. XII.—Wotes on the Geology of the Florida Phosphate 
Deposits; by N. H. Darton. 


Durine the past year the phosphate deposits of Florida 
have become of considerable commercial importance and at- 
tracted widespread interest. As practically nothing was on 
record as to their geologic relations the writer has devoted sev- 
eral weeks to a preliminary study of the principal deposits and 
this paper is a summary of the results. 

The phosphate regions of Florida occur mainly in the -west- 
ern and west-central portions of the peninsula, comprising a 
series of irregular areas scattered at varying intervals along a 
narrow belt extending from near Tallahassee towards Gaines- 
ville and thence nearly to Charlotte Harbor, a distance of 
250 miles. The entire region is not yet fully explored but the 
vast extent and commercial importance of the deposits are satis- 
factorily established and it is safe to predict that Florida will 
finally become a prominent source of phosphate. The deposits 
are exceedingly irregular in extent and richness, and while 
there are many areas underlain by large bodies of high grade 
mineral, the great number of the deposits consist of impure, 
thin or scattered beds of no economic value. 

The phosphates are readily separable into three classes: 
1. Rock phosphate, 2 homogeneous, more or less completely 
lithified, light colored phosphate of lime, constituting the sur- 
face of the middle Tertiary limestone formation. 2. Con- 
glomerate, consisting of pebbles of phosphate rock imbedded 
more or less thickly in a matrix of phosphate sand, marl and 
arenaceous and argillaceous materials. This fragmental forma- 
tion lies in great sheets on the surface of the limestone, in 
some cases overlapping the edge of the rock phosphates, from 
which its pebbles were derived. 3. River drift, consisting 
of phosphate pebbles derived both from the rock phosphate and 
the conglomerate and constituting great placer deposits in the 
stream beds draining the other phosphate regions. 

So far as is known the occurrence of the rock phosphate is 
restricted to a narrow irregular belt extending through eastern 
Citrus county, northward through western Marion, probably to 
the exposures near Albion, and thence with more or less contin- 
uity through Trenton in Alachua, Steinhatchee in Lafayette 
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and Lauraville in Sewanee, possibly to Monticello, in Jefferson, 
Perry in Taylor, and some other reported localities in the 
same direction. This region is not by any means underlain by 
a continuous sheet of phosphate but includes irregular masses 
of variable sizes and thickness scattered about in detached 
bodies often widely separated by barren limestone areas. 

At Dunellon in western Marion county there are representa- 
tive exposures in the extensive mine openings that are now 
being worked. Here the phosphate was found outcropping at a 
number of points in the woods and in low bluffs and reefs in 
the Withlacoochee river near by. The deposit appears to 
constitute a large basin of which the bottom was not reached 
in a thirty-foot pit in the center. The phosphate is in large 
part a mixture of chalky and flinty rock similar in texture and 
structure to spongy limonite, but usually creamy white, gray 
or bluish gray in color. Some portions consist of dense homo- 
geneous lithified materials, others are spongy, stalactitic or 
laminated. A fair average sample of high grade mineral was 
found to contain 83 per cent of phosphate of lime and 44 per 
cent of carbonate of lime. 

The Conglomerate phosphates occupy a very considerable 
area in Florida, and although not as rich in phosphate of lime 
as the phosphate rock they will be of commercial import- 
ance. The principal deposits now known are south of the 
southern termination of the rock phosphate belt, in the west- 
ern part of Polk county in the vicinities of Bartow and Fort 
Meade, where they constitute sheets of wide area overlying the 
limestone, sometimes to a thickness of from twenty to thirty 
feet. These conglomerate phosphates consist of small pebbles 
of 80 to 85 per cent phosphate rock, usually light colored, im- 
bedded in a soft chalky matrix of phosphate sand, carbonate of 
lime, clay and sand in variable proportions. High grade con- 
— will average from 73 to 78 per cent of phosphate of 

ime. 

At intervals along the eastern border of the rock phosphate 
region and overlapping it at some points there are fragmental 
and conglomerate deposits of considerable extent but they are 
much more diverse in composition than the great sheets in 
Polk county. At the Dunellon mine, northern opening, there 
is a deposit of this class and the porous, pebbly sandrock— 
“Chimney rock” of the Gainesville region appears to belong 
to the same formation. 

The River drift deposits of phosphates are of great eco- 
nomic importance, for they are rich in phosphate and can be 
mined at small expense. Nearly every little water course in 
the phosphate regions contains accumulations of phosphate 
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pebbles and along the larger streams there are many thick and 
extensive pebble deposits. Peace Oreek drains the Bartow- 
Fort Meade conglomerate region and flows over many great 
gt deposits, some of which are now extensively worked in 

e Soto county. The Withlacoochee, near Dunellon, and 
Alifia Creek northeast of Bartow also contain extensive accum- 
ulations of pebbles. These deposits consist of rock-phosphate 
pebbles usually from an inch to one-quarter inch in diameter, 
mixed with more or less sand and usually with bone fragments 
and occasional flint pebbles from the limestones. 

Age and geologic history.—The three geologic formations to 
which the phosphates belong are distinctly separate stratigraph- 
ically, and represent a long interval of geologic time. The 
rock phosphates appear to be the deeply eroded remnants of 
the phosphatized surface of the middle Tertiary limestone ; the 
conglomerate deposits overlie these limestones unconform- 
ably and in the Gainesville region at least, appear to be Mio- 
cene in age, and the river drift deposits are apparently en- 
tirely subsequent to the great mantle of Pleistocene white and 
gray sands which covers the entire peninsula to a greater or 
less depth. 

Excepting in its light color the rock phosphate is a physi- 
cal counterpart of the brown limonite iron ores of the Appala- 
chian limestone valleys and the deposits have very sinilar 
structural relations. I have found at a number of localities 
that the massive phosphate graduates into the limestone 
usually by short transitions and many areas were discovered 
in the phosphate belt and under the conglomerate in the Bar- 
tow region where the limestone is only partially phosphatized. 
In the mines at Dunellon the massive phosphate is apparently 
continuous with the limestones, but unfortunately at the time 
of my visit there were no continuous exposures from rich 
phosphate to the walls of the basin, and the bottom was not yet 
reached, so I was unable to establish a graduating sequence at 
that locality. There are, however, in the massive phosphate, 
occasional casts and impressions of the same middle binorves f 
mollusea undoubtedly lying as they were originally deposited. 

The origin of the phosphate of lime is not definitely known, 
but it seems exceedingly probable that guano was the original 
source and the genesis of the deposits similar to that of the 
phosphates on some of the West Indies. Two processes of de- 
position have taken place, one the more or less complete re- 
placement of the carbonate of lime by phosphate of lime, and 
the other a general stalactitic coating on the massive phosphates, 
its cavities, ete. 
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The apparent restriction of the rock-phosphate deposits to 
the western “ridge” of Florida may have some special bearing 
on their genesis but at present no definite relationship is per- 
ceived. The aggregate amount of phosphate rock distributed 
in fragmentary condition in the various subsequent formations 
is very great, greater by far than the amount remaining in its 
original position and it is possible that the area at one time in- 
cluded the greater part, if not all, of the higher portions of the 
peninsula. As this region apparently constituted a long, 
narrow peninsula or archipelago, during early Miocene times, 
it is a reasonable tentative hypothesis that during this period 
guanos were deposited from which were derived the material 
for the phosphatization of the limestone, either at the same 
time or soon after. 

The pebbles of the conglomerate phosphate were undoubt- 
edly derived from the rock phosphates, for they are identical 
in appearance and composition and overlap them as a shore 
deposit. Evidence in regard to the age of the conglomerate 
formation is very meager. The only organic remains I met 
with were two imperfect casts of Pectens in the “Chimney 
rock” near Gainesville. These had a Miocene aspect but the 
evidence is not by any means conclusive. This ‘ Chimney 
rock ” of Gainesville is a porous sandstone containing a small 
proportion of pebbles of phosphate rock, lying unconformably 
above the Vicksburg limestone. It is the structural equivalent 
of the conglomerate beds of the Polk county region but they 
may prove not to be identical in age. 

The phosphate deposits of Florida will require careful de- 
tailed geologic exploration before their relations and history 
will be fully understood, and it is the purpose of these prelim- 
inary notes only to throw some light on their more general 
features. 


Art. XII1.—Record of a deep Well at Lake Worth, southern 
Florida; by N. H. Darton. 


In June, 1890, a well was completed at Lake Worth, on the 
southeastern coast of Florida, which penetrated the great sand 
mantle and extended down into the Vicksburg limestone to a 
depth of 1212 feet. It was bored by Mr. J. A. Durst, who 
has very kindly placed the borings at my disposal. 
Unfortunately, no samples were collected for the first 400 
feet, and there are several other gaps for which information is 
lacking. Notwithstanding its imperfections the section is an 
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exceedingly important one, for it throws some light on the 
general stratigraphy of a portion of Florida of which little was 
hitherto known. ‘The well record is as follows: 


0- 400 feet. “Sands with thin layers of semi-vitrified sand 
at 50 and 60 feet.” 

400- 800 feet. Very fine grained soft, greenish gray quartz 
sand, containing occasional foraminifera and 
water-worn shell fragments, 

800- 850 feet. No sample. 

850- 860 feet. White sands with abundant foraminifera of 
four or five species. 

860— 904 feet. No sample. 

904— 915 feet. Gray sands containing sharks’ teeth, small 
water-worn shell and bone fragments, sea 
urchin spines and lithified sand fragments. 

915-1000 feet. No sample. 

1000-1212 feet. Samples at frequent intervals. Vicksburg lime- 
stone containing Orbitoides in abundance 
throughout, together with occasional inde- 
terminable fragments of molluscan casts,corals 
and echinoderms. It is acreamy white, hard 
homogeneous limestone throughout. 


There was also sent a box containing two species of Dentalium 
and a Turritella, all of Miocene facies, but, unfortunately, no 
data could be furnished in regard to the depth at which they 
were found. 

The ages of the series overlying the limestones could not be 
determined definitely from the material received, but the 
organic remains from 800-915 feet suggest Miocene, especially 
if the unlabeled sample belongs here, which is probable. The 
400-800 feet beds contain several of the same foraminifera 
that are found at 850-860 feet, and probably are part of the 
same formation. 


Art. XIV.—On the Chemical Composition of Aurichalcite ; 
by S. L. PENFIELD. 


THE material for the analysis in this paper was received by 
Professor E. 8. Dana some years ago from an unknown local- 
ity in Utah. Very good specimens of aurichalcite occur at 
both the Kesler Mine, Big Cottonwood and Cave Mine, Beaver 
Co., Utah, and the specimen under investigation very closely 
resembles one from the Kesler Mine in the cabinet of Professor 
Geo. J. Brush. As some question still exists regarding the 
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formula of aurichalcite and as the mineral appeared to be of 
unusual purity the following investigation was undertaken to 
determine if possible its true chemical composition. 

As far as can be told from the small hand specimens in the 
author’s possession, the mineral occurs in narrow seams about 
one centimeter wide in an impure limonite ; calcite was asso- 
ciated with it, especially on one side of the seam and great 
. care was taken to pick out pure material. The aurichalcite 
had the usual pale bluish-green color and occurred in radiated 
tufts of microscopic crystals sc soft and loosely aggregated 
that a cluster of them could readily be pressed to a powder 
between the fingers. No definite idea regarding its erystalli- 
zation was obtained by examining under the microscope. It 
was seen that it occurred in little flattened prismatic crystals 
with mostly broken, irregular contours in general agreeing 
with the description given by A. Belar.* 

After ascertaining that the mineral did not lose water by 
heating at 100° C. the larger selected fragments were boiled in 
water to expel the air from between the crystals and the 
_— gravity taken very carefully on a chemical balance ; 
the two portions were then analyzed separately with the fol- 
lowing results. 


No. I. No. IT. 
Weight of 0:5690 0°3342 
Specific gravity........- 3°52 3°63 


H.O 9°91 CaCO; 9°93 CaCO; 


*36 = 0°64 


100°39 


The finely powdered mineral, weighed in a platinum boat, 
was ignited in a combustion tube and the CO, and H,0O col- 
lected and weighed in the ordinary absorption apparatus. The 
copper was separated from the zinc by two precipitations from 
strong hydrochloric acid solutions with hydrogen sulphide. 
The larger percentage of CuO in the first analysis is not owing 
to an incomplete separation of copper from the zinc, as proved 
by dissolving the copper, after having weighed it, precipitating 
it a third time and finding no trace of zinc in the filtrate. 
The variation of CuO and ZnO in the two analyses indicates 
the mutual replacement and isomorphism of the two oxides. 
The CaO comes undoubtedly from an admixture of calcite. 
Correcting the specific gravity and the percentages for 1:58 


* Zeitschr. Kryst., xvii, p. 113. 


100°33 
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and 0°64 per cent. of calcite respectively in the two analyses, 
we have the following with the molecular ratios. 


Theory for 
I. Ratio. If. Ratio. 2RCOs, 3R(OH)2 
Sp.Gr., 3°54 3°64 where Cu :Zn=2:5 
CO, ---. 16°07 198 16°04 ° 1:98 16°14 
CuO.... 21°21 267), ‘an 20°00 20°79 
H,O.... 10°06 304 999 9°90 


100°33 100°00 


The ratios in the two analyses are almost exactly 2: 5:38 and 
the formula is therefore 2RCO,, 3R(OH), in which R= Zn 
and Cu. There seems to be no exact relation between the CuO 
and the other constituents. In analysis I the CuO: ZnO = 
about 2:5 and using this proporiion in the above formula the 
theoretical composition given above was calculated, which 
agrees very well with the first analysis. 

The strongest proof of the correctness of the above formula 
is found in the purity of the analyzed mineral and the exact- 
ness of the ratio between CO,, RO and H,O, both of these are 
as satisfactory as one could desire in mineral analysis, especially 
for a mineral occurring in minute tufted crystals in a narrow 
seam with calcite. Moreover the above formula is the same as 
that proposed by T. Béttger* in the original description of 
aurichalcite from Loktewsk in the Altai. His analysis was 
made in Rose’s laboratory with great care and evidently on 
very pure material. 

ther analyses have shown a deviation from the above 
formula which may have resulted from impurities in the 
‘ analyzed material or errors of analysis. Thus Delesse+ has 
described as buratite specimens from Loktewsk in the Altai 
and from Chessy, France, containing as high as 8°62 per cent of 
CaO, but as A. Belart and others have proved that CaO is not 
anormal constituent of aurichalcite, it is quite safe to assume 
that the material which he analyzed contained calcite ; in fact 
if CaCO, equivalent to the CaO be deducted from his analyses 
the remainder corresponds closely to the above formula. Other 
analyses cannot be used in discussing the formula because CO, 
and H,O have not been separately determined ; they are given 
together simply as loss on ignition. 

A. Belar in a recent contribution on this subject, already 
noticed, gives four analyses of material carefully pe eerste under 
the microscope so as to avoid all possible impurities. The 
analyses are as follows: 


* Pogg. Ann., xlviii, p. 495, 1839. + Ann. Ch. Phys., xviii, 478, 1846. 
t Loc. cit. 
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I. Moravicza in Banat. 

IL. “ 

III. Campiglia, Italy. 

IV. Sardinia. 

V. Theory according to Belar for CuCOs, 3Zn(OH)s. 

VI. Theory according to the original formula 2RCOs3, 3R(OH)2, Cu: Zn = 2:5, 


I. II. III. IV. v. VI. 
Loss on ignition.... 24-91 26:78 26°50 22:97 23°30 26°04 
12°84 9°90 
10°46 16°14 
21-43 20°20 15°58 18°91 20°79 
53°57 55°51 58°72 57°79 53°17 


101°78 102°21 97°27 100°00 100-00 


Water was determined directly only in the first of these 
analyses, and CO, by deducting H,O from the loss on ignition, 
or indirectly by deducting the sum of all the other constituents 
from 100 per cent. From this analysis Belar derives the 
formula CuCO,, 3Zn(OH), requiring a ratio of CO,: RO: H,O = 
1:4:3 while his analysis yields 1:11 : 4-00: 3°24, an agreement 
which is not satisfactory as may also be seen by comparing the 
theoretical composition V with analysis I. The other we. ome 
are of little value as they do not add up very close to 100 per 
cent and in II and III the loss on ignition is certainly nearer 
to the theory for the original formula, VI above, than for 
Belar’s V. It is possible that Belar’s analysis I is correct and 
that there is a mineral resembling aurichalcite with a definite 
formula, but if so it must be settled by more exact analyses 
and be designated as a distinct species. 

An analysis by Berzelius* of an artificial salt, prepared by 
precipitation from a solution of zine sulphate with sodium car- 
bonate in the cold, washing the precipitate and drying to con- 
stant weight in a vacuum, is of interest here as he derived for 
it a formula exactly analogous to that of aurichalcite, 2ZnCO, 
8Zn(OH),. His analysis, together with the theoretical compo- 
sition are given below. ‘ 


CO, H.O ZnO 


Berzelius, found... 15°939 10714 73°347 = 100-000 
Calculated 9°85 74:09 = 100-00 


In closing the author desires to express his thanks to Prof. 
E. §. Dana for his kindness in furnishing the material for 
carrying on this investigation. 


Mineralogical Laboratory, Sheffield Scientific School, 
New Haven, Nov. 22d, 1890. 


* Berzelius, Jahresbericht, xv, p. 180, 1836. 
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Art. XV.— The Compressibility of Lot Water and its 
eluent Action on Glass by CARL Barus. 


1. BETWEEN 0° and about 63°, the compressibility of water 
continually decreases. After this, if temperature rises further, 
the compressibility increases. It was my original purpose to 
supplement these results by determining the compressibility of 
water between 100° and 300°; but I did not get further than 
185°, for the reason that at this temperature (and obviously 
much below it) liquid water attacks glass so rapidly as to make 
the measurements in glass tubes worthless. 

2. The peculiar behavior, in question, has interested many 
physicists. Grassi’ was the first to find that the compressibility 

of water decreases with temperature, being 50/10° at 0° and 
44/10° at 538°. He also observed that the compressibility of 
solutions is less than that of water. Amaury and Descamps’ 
substantiate the latter result ; but they only observe at a single 
temperature 15°, at which 8=45/140°. In Cailletet’s* experi- 
ments carried as far as 700 atm., only a single temperature is 
given, and the same is true of Buchanan’s’ results. After this 
the subject was vigorously attacked by Tait* and his pupils, at 
first particularly with reference to the depression of the tem- 
perature of maximum density of water, under pressure. The 
probability of such an occurrence had been inferred by Puschl 
and by van der Waals’. Cf. Grimaldi, 1.c. In later experiments 
Tait® studies the thermal relations of the compressibility of 
water, but only for small ranges of temperature. Further re- 
sults are due to Pagliani and Palazzo’ working with mixtures 
of water and alcohol, but more directly to Pagitent and Vicen- 
tini.” These observers corroborate Grassi’s work, and find 
that water shows minimum compressibility at 63°. Grimaldi” 
critically reviews the maximum density experiments of Pusch, 
of van derWaals, of Marshall Smith and Omond, and of Tait. 


! This paper will be recognized as part of the work suggested by Mr. Clarence 
King. 

* Grassi: Ann. de ch, et de phys., (3), xxxi, p. 437, 1851; cf. Wertheim: ibid. 
(2) xxili, p. 434, 1848, 

3 Amaury and Descamps: C. R., Ixviii, p. 1564, 1869. 

4Cailletet: C. R., Ixxv, p. 77, 1872. 

5 Buchanan: Nature, xvii, p. 439, 1878. 

*Tait: Proc. Roy. Soc. Ed., xi, p. 204, 1881; Marshall, Smith and Omond: 
ibid., xi, pp. 626, 809, 1882; Tait: ibid., p. 813; ibid., xii, 1882-83, p. 226; ibid., 
xiii, p. 2, 1884-85. 

7 Vander Waals: Beiblatter, I, p. 511, 1877. 

8Tait: Proc. Roy. Soc. Ed, xii, p. 45, 1882-83; ibid., p. 223; ibid., 1883-84 

' 9 Pagliani and Palazzo: Beiblatter, viii, p. 795, 1884. 

10 Pagliani and Vicentini: Beiblatter, viii, pp. 270, 794, 1884; Journ. de phys., 
(2) xxx, p. 461, 1883. 

11 Grimaldi: Beiblatter, x, p. 338, 1886. 
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Amagat* applying a new method of pressure measurement “a 
piston libres,” operates with hydrostatic pressures as remarkably 
high as 3000 atm., and at temperatures between 0° and 50°. ‘ 
He shows among other results relating as yet chiefly to thermal 
expansion, that the compressional peculiarities of the behavior 

of water vanish at high pressures and increasing temperatures 
(interval 0° to 50°), thus further corroborating Grassi. Many 

data are given; but the research is unfinished. Tait+ in a 
final paper summarizes much of his work and begins a series 

of experiments showing that the effect of solution is analogous 

to an increase of internal pressure. A critical revision of 
earlier work on compressibility may be found in Tait’s “ Prop- 
erties of Matter.” 

From this brief summary it appears that results anticipating 
the contents of the present paper are not in hand. There is 
another class of experiments relating to the expansion of water 
in glass tubes to which I must advert. Waterstont published 
a very full series of results carrying the work as far as 300°. 
.He was annoyed by the action of water on glass, but does not 
further consider it. For very high temperatures the experi- 
ments of Daubrée§ and others, are well known. 

3. In the present work pressures were applied by aid of 
Cailletet’s large foree pump. The thread of water is enclosed 
in a capillary tube, between two end threads of mercury, 
and the distance apart of the two inner menisci, corres- 
ponding to any given temperature and pressure, measured by 
Grunow’s cathetometer. The tube, suitably closed above, is 
exposed in a vapor bath (boiling tube). At 185° (aniline), the 
thread of water soon loses its transparency, becoming white 
and cloudy. Fortunately the siliceous water is translucent. 
By placing a very bright screen behind it, the demarcation 
between water and mercury remains sufficiently sharp for 
measurement. After the action has continued for some time, 
say an hour, the columm is solid at high pressures (300 atm.), 
though it is probably only partially so at 20 atm. In conse- 
quence of this, threads of mercury break off during advance 
and retrogression of the column. Further measurement is 
therefore not feasible. Toward the close of the experiment, 
moreover, the mercury thread is pushed forward, enclosed by 
walls of semi-solid siliceous water. The thread is therefore 
of smaller diameter and the measurement correspondingly 
inaccurate. 

In obtaining these data, I followed a customary routine of 
increasing pressure from zero to the maximum, then decreasing 


* Amagat: C. R., ciii; p. 429, 1886; ibid., civ, p. 1159, 1887; ibid., ev, p. 1120, 
87 


+ Tait: Challenger Reports, ii, part 4, 1888. 
¢ Waterston: Phil. Mag., (4) xxvi, p. 116, 1863. 
§$ Daubrée: Et. synthét. d. Géol. expér., 1879, p. 154 et seq., Paris, Dunod. 
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it from the maximum to zero, and 
taking the mean volume changes 
corresponding to a given pressure. 
When the water does not attack the 
glass, the fiducial mark (pressure 
low) at the beginning of the series, 
is regained at the end. When water 
3 attacks glass there is much shifting. 
The glass was common lead glass 
and distilled water was used. 

4. My introductory work between 
0° and 100° contains a mere corrol- 
oration of some of the results given 
in §2. As it is not exceptionally 
accurate I will omit it here. 

5. In table 1, the symbols used 
have the following meaning: Z is 
the observed length of the thread 
of water, @ its temperature, and ¢ 
the mean time of observation. v/V 
is the volume decrement due to the 
pressure p. Finally 8 is the mean 
compressibility;* i. e. S=(1/p)(v/ V). 
The first series of data were ob- 
tained at 28°, the next seven series 
at 185°. Unfortunately I did not 
observe the time when ebullition 
commenced, and some subsequent 
dates are also lacking. After clos- 
ing the experiments, I noticed that 
a fine filament of the upper thread 
of mereury, had run down into the 
core of the solid silicate below it. 
Possibly this means that there had 
been progressive erosion due to 
water intruding between the mer- 
eury and the glass. In this respect 
the observations are uncertain. § 7. 

6. To discuss these results I first 
plotted v/ V as a function of p, thus 
obtaining a series of curves of some- 
what irregular contour, the charac- 
ter of which, however, is obvious. 
This will be more accurately ob- 
served by plotting § as a function 
of the length Z of the column, since 
the time data are incomplete. The 
result is striking. It shows a mean 
*It would be useless to calculate 8 by more elaborate means. The correction 


referred to at the end of this paragraph is such, that if applied, it would accentu- 
ate the inferences of the text. Its small value appears in § 7. 
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TABLE 1,—COMPRESSIBILITY OF WATER. 


108, Bx 108, | p. 108, | Bx 108, 


| Atm. Aim. | 
28° 20 185° 20 
18'44™ 100 19°57™ 100 | 
300 | 300 
| 400 400 
185° | +20 | 185° 20} 
200 200 
| 400 | | 400 
185° 20 | 185° | 20 
20°10™ 100 18-42 | 100 
| 300 | 
400 400 
185° 20 185° 20 
19:94 100 100 
2 || 11%20™ 200 | 
| 300 ‘ | 300 | 


increment of f, of about 50/10° per centimeter of decrement 
of length of column. Toward the end of the experiment, the 
values of 8 increase much faster; but here they are uncertain 


because of solidification. The total observed decrement of Z 
is therefore (20°1—17°8)/20'1, or more than 11 per cent. 
Since the column at the moment when ebullition started must 
have been longer, it follows that the volume of the system of 
pure water and solid glass, shrinks more than 11 per cent, in 
virtue of the solution of glass in water, up to the point of 
solidification at 185°. By plotting length Z as a function of 
time, the data though incomplete show that volume contrac- 
tion of the kind given took place at the rate of 3 per cent per 
minute. The column therefore at 185° is soon shorter than 
the original column at 28°. This is an enormously rapid rate ; 
for were it possible for such action to be indefinitely prolonged, 
the column would be quite swallowed up in five hours. Hence 
it appears improbable that the action of water on glass will be 
unaccompanied by heat phenomena. Of course the rate of 
solution must increase, as the diameter of the capillary tube 
decreases. 

7. From the importance of these results I resolved to repeat 
them with greater precautions. Table 3 contains the data 
given on the plan of table 1. The first series holds for 24°; 
the remaining nine series for 185°. Time is given in minutes 
from the period when ebullition of aniline had fairly set in; 
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though this cannot be sharply determined. The experiment 
lasted about one hour. A subsidiary table 3, contains the 
essential results (time, temperature 0, volume decrement o/V, 
compressibility #) of table 2, The experiment was satisfactory 
throughout. 


TABLE 2.—COMPRESSIBILITY OF WATER. 


| Bx 108, 


MAAS 


14°58em | 
40™ 


| eo 


185° 20 0-0 
14:34em 100 | 12°9 
45m 200 | 
300 461 = 
185° 20 | (00 
14°03: 100 | 14°7 
50™ 200 | 32°8 
300 | 52°0 
185° 0-0 
* Commenced boiling at 0™. 13°75" 100; 183 
55™ 200 | 
300 | 60°5 
185° Threads broken off. 
13°56" Measurement uncertain. 
60™ Siliceous water, solid. 


15°17™ | 100 
25m | 200 | 
300° 


| 
HOMO 


wr 


TABLE 3.-—Eapansion and Compressibility of Silicated water, referred to water at 24° 
and 20 atm. 


0. x103, | 8x10% | Time. , | Bx10% | Time. 


24° 185° 141 40" 
185° +103 | 185° 163 45™ 
185° + 86 185° 184 50™ 
185° + 5 185° 221 55™ 
185° + 60 185° 


8. The discussion of this table can be given on the lines 
followed in case of $6. Note at the outset that after 55" have 
elapsed since exposure to 185°, the hot turbid column is not 
so long as the original cold clear column at 24°. The hot com- 
pressibility after 55" has increased to five times the cold com- 
pressibility, and to three times the original hot compressibility. 


| 
| p. | 108, 6,L,t p. 10 B x 10°, 
| 
Atm. Aim. | 
24° | (20 185° 00 
13-96 | 100 45 1480em 100 9°8 123 
| 200 44 35™ 127 
| 300 | | 44 300-350 135 
*185° 20 | 185° «00 
15-42" | 100 | 100 «1? 146 
18™ | 200 | | | 138 
9 
~ ol 
3 
i 18 
15° 
| 3 2 
| 
} 
{ 
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Some allowance must however be made for the attenuated 
thread of mercury ($3). If v/V be plotted as a function of 
p. a series of curves is obtained as shown in figure 1. Consid- 
ering the difficulties of measurement, they are satisfactorily 
regular. Temperature and time are affixed to each curve. In 
table 3, (v/ V) is rigorously the ratio of increment of length 
to the original length at .4°, due to thermal expansion and 
concomitant chemical action. The radius of the tubes widens 
as solution proceeds; but the datum (v/ V) suffices for the 
present purposes. Let # be represented in its dependence on 
(v/ V). The plotted curve is a line of remarkable regularity, 
as shown in figure 2. It follows from the chart that # in- 
creases 11/10° for each per cent of volume decrease of the 
water undergoing silicification. This is about 75/10° per centi- 
meter of length, agreeing substantially with the former result. 
Again v/ V decreases 13 per cent for the interval of observa- 
tion of 42", or about ‘3 -per cent per minute, thus again agree- 
ing with $6. See figure 3. 

Suppose the line for # and (v/ V) to be prolonged as far as 
(v/ V) =130/10*, which holds for time =0. The datum for 8 
so obtained, ought to give me the norma! compressibility of 
pure water at 185°. Making the prolongation, however, I 
find an excessively small result 8=50/10° nearly. This merel 
shows, since chemical action is very rapid, that the time at whic 


it commenced is — roughly indicated. It is probable never- 


theless that £,,, will not be greater than 70/10°. Hence even 
above 100° the compressibility of water increases at a very low 
rate with temperature; at a rate about 4 that of paraftine, 
forinstance. Cf. figure 4. I think this indicates exceptional 
stability of the water molecule. 

9. Now what is the underlying cause of the action described ? 
Clearly I think, an instability of the glass molecule at 185°, 
much rather than any instability of the water molecule. This 
is an accordance with the evidence I adduced in studying the 
electrolytic conduction of stressed glass,* and corresponds also 
to the diminished viscosity of glasst at the stated temperatures. 
At 185° the cohesive affinitiest of the water are sufficient to 
disintegrate the glass molecule. 

The inerease of # with time must be due to the solution of 
silicate. Indeed it would be difficult to devise an experiment, 
in which the progress of the continued solution can be so well 
discerned as is possible in the present incidental results. I am 


* Barus: This Journal, xxxvii, p. 339, 1889. 
+ Barus and Strouhal: This Journal, xxxi, p. 439, 1886; ibid., xxxii, p. 181, 
1886. 
¢ A term which will be defined succinctly in the course of the present series of 
papers. 
Am. Jour. SERIES, VoL. XLI, No, 1891. 
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aware that the march of is to be interpreted with reference 
to Wilhelmy’s* time law of reaction; but the discussion is 
somewhat involved and must be omitted. 

Curiously enough the effect of solution is here an increase 
compressibility, whereas in all other cases (§ 2), it isa decre- 
ment of compressibility. I leave this without comment, 
believing however, that the silicate during the course of the 
oscillations of pressure, passes through states of unstable 
equilibrium with its water. The apparent compressibilities 
measured, are really solution phenomena, since the silicate 
present passes from a lower to a higher state of liydration 
when pressure passes from the lower to the higher value. For 
this reason compressibility increases with the quantity of 
silicate present, in other words with the time during which the 
solvent action has been going on. Something of this kind I 
formerly observed in case of moist mono-chloracetic acid. The 
possible occurrence of lag, though I did not search for it, 
would be obscured by the contraction of the silicated column 
of water. If a reaction is superinduced in a system of solid 
and liquid by presssure, the curious question is thus presented 
whether the reaction is more complete in proportion as the 
acting pressure is higher; or more generally whether the final 
progress of the reaction, or the chemical equilibrium varies 
with pressure. To my knowledge in all the relevant instances 
examined (take the action of acid on zine under pressure of 
the gas evolved) this is true. 

As a general deduction from the above experiments I infer, 
that in many instances a definite dissociation temperature of 
the solid must first be surpassed, before solution will! set in. 
Elsewhere I shall show that the recognition of this principle, 
regarded at the outset as a mere working hypothesis, has 
enabled me to effect the complete solution of a valuable class 
of commercial products. 


* Wilhelmy: Pogg. Ann., Ixxxi, pp. 413, 499, 1850. 
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Art. XVI.—An Attempt to harmonize some apparently 
conflicting Views of Lake Superior Stratigraphy ;* by 
OC. R. Van Hise. 


[Read at the Wisconsin Academy of Science, Arts and Letters, Madison, 
Dec. 30, 1890.] 


In attempting to determine how far the different views held 
as to Lake Superior stratigraphy are really in harmony, we 
have as starting planes an upper and a lower horizon. The 
first of these is the base of the Keweenaw Series. All are 
agreed that below this series is an unconformity more or less 
considerable. The lower of these planes lies between the 
crystalline schist-granite gneiss complex and the overlyin 
elastics. Below this plane is found Irving’s Fundamenta 
Complex, Lawson’s Coutchiching and Laurentian, the Profs. 
Alexander and N. H. Winchells’ Vermilion Lake and Lauren- 
tian. Whether this plane is definitely fixed by a great uncon- 
formity will not here be discussed, as the wish is rather to 
dwell upon points of agreement than those of difference. 
That it is so fixed is maintained by Irvingt in a series of 
papers. Lawsont agrees with Irving that this plane is marked 
by a great change of conditions of deposition and a probable 
unconformity in Ontario. Prof. Pumpelly, who has recently 
made a rather extended trip in western Ontario, acquiesces in 
this conclusion. Of the extension of these same series in 
Minnesota, the Profs. Winchell,§ although recognizing this 
plane as the boundary between two groups of rocks, maintain 
conformity. Bell| now stands almost alone in the contention 
that this lower plane cannot be recognized. In the older work 
of the Canadian Survey all of the groups of rocks included 
between the above planes have been placed as Huronian, and 


* This paper is in large measure the same as the part on correlation in a memoir 
upon the Penokee Series of Michigan and Wisconsin to be published as a mono- 
graph of the U. S. Geol. Survey. 

For the distribution of the rock-series discussed in this paper, see Irving’s 
Preliminary Geological Map of the Lake Superior Region, 5th Ann. Rept. U. S. 
Geol. Survey, p. 181. 

+ Copper-Bearing Rocks of Lake Superior, U. S. Geol. Survey, Monograph V; 
Divisibility of the Archaean in the Northwest, this Journal, III, xxix, pp. 237- 
249, 1885; On the Classification of the- Early Cambrian and Pre-Cambrian Form- 
ations, U. S. Geol. Survey, Seventh Aun. Rept.; Is there a Huronian Group? 
This Journal, IIl, xxxiv, 204-249; Explanatory and Historical Note by R. D. 
Irving to Bulletin U. S. Geol. Survey No. 62. The Greenstone Schist Areas of the 
Menominee and Marquette Regions of Michigan, by George H. Williams. 

¢ Report on the Geology of the Rainy Lake Region, Andrew C. Lawson: Geol. 
and Nat. Hist. Survey of Canada, Annual Report 1887, part F, p. 141. 

§ Geol. and Nat. Hist. Survey of Minn., 16th Ann. Rept., 1887, pp. 365-366. 
Ibid., 17th Ann. Rept., 1888, pp. 66-67. 

| The Huronian System in Canada, Robert Bell: Trans. Royal Soc. Can., 1888, 
vol. vi, sec. 4. 
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also a part of the rocks included in Irving’s Fundamental 
Complex, Lawson’s Coutchiching, and Prof. Winchells’ Ver- 
milion Lake series. Irving* has shown conclusively that cer- 
tain of the rocks on the south shore of Lake Superior, first 
loosely placed with the Huronian are to be excluded from it. 
This work has been so thoroughly supplemented in the United 
States by the Profs. Winchell, and in Canada by Lawson that 
at the present time this conclusion can hardly be questioned. 

It is believed that many of the difficulties as to correlation 
in the districts abont Lake Superior have largely arisen from 
the failure to generally recognize a physical break, which has 
a very wide if not universal extent in the Lake Superior 
region. So far as I know, the first descriptions of this break 
are by Foster, and Foster and Whitneyt in the Marquette 
district. It was next noted by Brooks.t By Rominger$§ it was 
seen at many points which lead to the suggestion “ That great 
disturbances of not only a local extent, must have occurred at 
the end of this era of iron sediments.” Wadsworth| says of it, 
these conglomerates ‘“ Mark old beaches water-worn after the 
jasper and ore were 7v situ, in nearly their present condition, 
and, if the logic of the geologists of the Michigan and Wis- 
consin surveys were carried out, these unconformable detrital 
formations would mark a new geological age.” 

Foster C. Whitney and Dr. Wadsworth, however, maintain- 


ing the eruptive origin of the jasper and ore, do not believe 
that the conglomerates thus mark a new geological age. The 
real significance of the break was recognized by Prof. Irving,4 
who not only found it in the Marquette district, but knew of 
its equivalent in the Vermilion Lake district of Minnesota. 
The break in the Marquette district was lately noted by Prof. 


*In papers above cited. 

+ Report on the Mineral Lands of Lake Superior, J. W. Foster: Ex. Does., 
1848-49, 2d Sess., 30th Cong., vol ii, No. 2, p. 161. Geology of the Lake 
Superior Land District, J. W. Foster and J. D. Whitney: Senate Docs., 1851, 
Spec. Sess., 32d Cong., vol. iii, No. 4, pp. 23, 43 and 67. 

t Iron-Bearing Rocks of the Upper Peninsula of Michigan, T. B. Brooks; 
Mich. Geol. Survey, 1873, vol. ii, pp. 128-129, 133. 

§ Upper Peninsula of Michigan, C. Rominger, Mich. Geol. Survey, 1881, vol. 
iv, pp. 74-75. 

| Notes on the Geology of the Iron and Copper Districts of Lake Superior, M. 
E. Wadsworth: Bull. Mus. Comp. Zool., 1880, vol. vii, pp. 30-31. 

q Preliminary Paper on an Investigation of the Archaean Formations of the 
Northwestern States, R. D. Irving: Fifth Ann. Rept. U. 8. Geol. Survey, 1885, p. 
193. ‘I refer to the occurrence in the quartzites overlying the ores, at several of 
the Marquette mines, of abundantly rounded fragments derived from the ore 
below. A very much more striking occurrence of this kind is met with in the 
Vermilion Lake ditrict of Minnesota, where the fragments included in the con- 
glomerate ovetlying the iron belt, are often several feet in length, and angular. 
That these fragments prove the existence of the jaspery and chalcedonic material 
in its present condition before the formation of the quartzite is sufficiently evi- 
dent.’ 
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N. H. Winchell,* to whom it appeared so great that the 
rocks above it were provisionally referred to the Potsdam. 
It has later been more broadly recognized by Prof. Alexander 
Winchell, who maintains two systems have been “ confounded 
in the Huronian.”+ 

Our recent studies have shown the break to be universal in 
the Marquette district. In order to understand fully its 
nature it is necessary that the facts shall be given in some 
detail. The greater part of the ore taken from the more prom- 
inent mines occurs associated with hematitic, magnetitic and 
actinolitic schists and jaspers. This jasper is curiously banded 
and contorted, is often of a beautiful blood-red color, and is 
commonly interlaminated with iron ores. Of prominent mines 
among many which fall in this horizon may be mentioned the 
Republic and Lake Superior. Below the iron-bearing mem- 
ber is the lower quartzite of Brooks, which locally becomes a 
marble or novaculite. Above the iron-bearing member is 
Brooks’ upper quartzite.t This is in many places a pure thick 
quartzite which immediately overlies the ore. This quartzite, 
even when fine-grained, is of the variety in which the enlarge- 
ment process has changed it from a sandstone to a vitreous 
quartzite. It shows nowhere any evidence of having been 
subjected to powerful dynamic action. It is at the base of 
this quartzite that the physical break referred to occurs. 

At the Goodrich Mine, just south of a large open pit, is the 
banded ore and jasper formation which contained small bodies 
of rich ore. The formation is exceedingly contorted, the 
ribboning of the jasper now running in one direction, now in 
another. The foot-wall of the large pit just mentioned is 
this jaspery formation. Locally the banding of the jasper 
abuts perpendicularly against the foot-wall. This foot-wall 
strikes nearly in an east and west direction and dips at an 
angle of 60° or 70° toward the north. The rock resting upon 
the banded jasper, including that which has been mined for 
ore, is a conglomerate, the fragments of which are chiefly from 
the immediately underlying rock. These fragments vary from 
those which are minute, to bowlders ten inches or a foot in 
diameter. They are all thoroughly well rounded, so that there 
is no question of their water-worn character. As indicated, 
they are most abundantly of the jasper and ore immediately 
below, and the ore, upon account of its softer character, is 
predominant in the matrix. Mingled with the fraginents 
mentioned are numerous ones of white quartz, which are 


*Geol. and Nat. Hist. Survey of Minnesota, 16th Annual Report, 1887, pp. 
43-47. 

+ ‘Two Systems confounded in the Huronian,” Am. Geol., vol. iii, pp. 212-214. 

t Iron-Bearing Rocks of the Upper Peninsula of Michigan, T. B. Brooks: Mich. 
Geol. Survey, 1873, vol. 2. p. 149. 
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exactly like the white vein quartz found in the lower quartzite 
of Brooks and in the still lower granite-gneiss complex. The 
ore mined is here plainly a direct detrital product from the 
immediately underlying older formation. 


Fig. 1. 


The relations will be more clearly understood by Figs. 1 and 
2. The first is from a photograph taken with the camera, 
ointing down upon the horizontal surface of the exposure. 
he manner in which the banded and contorted jasper abuts 


Fig. 2. 


JASPER AND ORE. 


against the conglomerate is clearly shown, as well as the 
irregular eroded surface of the jasper at the time the conglom- 
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erate was deposited upon it. Fig. 2. is a section from south to 
north, showing the relations described. The coarse conglom- 
erate, in passing towards the north, varies into a fine con- 
glomerate showing fragments of the same character, and this 
into the ordinary vitreous quartzite of the region. 

Prof. N. H. Winchell’s* figure of this mine does not show that 
he appreciated the manner in which the banded ore and 
jasper abut against the conglomerate. Its lamination is 
figured as regular and parallel to the foot-wall of the open pit, 
whereas it is extremely contorted and often abuts against it, 
while the conglomerate is represented as dipping at a flat 
angle away from the foot-wall, whereas the dip of the con- 
glomerate is that of this wall. 

In the Goodrich locality this conglomerate helt has been 
traced fully a mile east and west—that is, from the Saginaw 
Mine, east of the Goodrich, to the Fitch Mine a considerable 
distance west, and was noted by Brooks at the New England 
Mine, about two miles east of the Goodrich. The conglomer- 
ate, which is here so thick and prominent, is in most other 
localities in the Marquette district much thinner and varies 
quickly into the ordinary vitreous overlying quartzite, and 
has therefore often escaped attention. Upon searching for 
it, it has been found, however, almost everywhere in the Mar- 

uette district, as the following list of mines will show. At 
the Barron Mine near Humboldt, Mich., it is scarcely less con- 
spicuous than in the Saginaw Range. It has been observed 
west of the Winthrop Mine; for a distance of a mile anda 
half or two miles along the Cascade Range, from the Cascade 
Mine to the Wheat; at the open pits of the Jackson Mine in 
Negaunee; at the Lake Superior and Barnum mines of the 
Ishpeming basin, as shown by diamond drill borings; at the 
Boston Mine, north of Clarksburgh, at the Spurr and Michi- 
gamme mines, near the west end of the Marquette Range; at 
the Republic Mine, the terminus of a long southern tongue of 
the iron-bearing series; and north of the east end of the 
Cascade Range, about 14 or 2 miles west of Goose Lake. 

As pointed out by Professor Irving, since the fragments of 
ore, chert and jasper are found in the conglomerate in pre- 
cisely the condition in which they occur in the underlying for- 
mation with their stratification lines running in every direction, 
it is manifest that the latter had reached its present condition 
before this overlying conglomerate was deposited. 

Whatever the origin of this ore and jasper of the Marquette 
district is believed to be, it is evident that a time-break of 
universal extent and of great magnitude occurs above it. 


* Geol. and Nat. Hist. Survey of Minn., 16th Annual Report, 1887, p. 46. 
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Above the upper quartzite, which is the base of the Upper 
Marquette Series, follow the black slates (sometimes carbon- 
aceous), graywackes, and mica-schists, together of great thick- 
ness. These appear a short distance west of Negaunee; for 
some six or eight miles east of Lake Michigamme cover a 
larger area than the members of the series below the uncon- 
formity, and about Michigamme Lake have a great development. 
In these upper slates are locally belts of chert, associated with 
which are ore-bodies of considerable size, among which as 
types may be cited the Wetmore, Dalliba and Beaufort. These 
ores are, however, of a very different character from those 
which occur in the red banded jasper already described, being 
always soft, and oftentimes more or less limonitic. Our study 
has not extended far enough so that we feel certain on which 
side of the break some of the mines of the Marquette district 
occur. Among such are those of Teal Lake, which we feel 
inclined at present to place in the upper series. _ 

It is thus plain that in the Marquette district we have, as 
maintained by Brooks, at least two ore-bearing horizons; not 
only this, but these horizons are separated by a great uncon- 
formity and therefore belong to different series of rocks. 
Those upon the lower side of this break, in the exceedingly 
contorted jasper, in the schistose character of its quartzites, 
and in the general assumption of a semi-crystalline character. 
show the evidetice of profound dynamic action. In the upper 
series, on the contrary, the folding has not been intense; the 
fragmental character of the slates and quartzites under the 
microscope is evident at a glance, and no indication of great 
dynamic action is seen. While subsequent to the deposition 
of the upper series, the whole region has been subjected to a 
new folding, great enough in places to give the later series a 
dip of 60° or 70° as at the Goodrich, it has not suffered since 
that time snch intense dynamic movements as has produced 
the more thoroughly crystalline and folded character of the 
earlier series. 

Uneonformity in the Vermilion Lake district —Near Ver- 
milion Lake, while we have not yet discovered the same struc- 
tural evidence of a physical break between the iron-bearing 
and an overlying newer series, there occurs a wide belt of con- 
glomerate which overlies the iron formation and contains very 
numerous fragments from that formation, as indicated by 
Irving in the paper already cited. A similar conglomerate, 
containing red jasper fragments and having a wide extent, 
occurs at Ogishki Manissi Lake.* This rock is also found at 

oints intermediate between Vermilion Lake and Ogishki 

* Enlargements of Hornblende Fragments, C. R. Van Hise: this Journal, III, 

xxx, 232, 1885. 
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A short distance north of the Ogishki Manissi conglomerate, 
in Ontario, adjacent to Knife Lake on Hunter’s Island, is the 
extension of the Vermilion Lake iron-bearing series, carrying 
large bodies of ore and jasper. That the iron-bearing series 
of Vermilion Lake and Hunter’s Island are the source of the 
fragments found in these conglomerates there can be no doubt, 
and as the contained fragments are precisely like those found 
in the original position, there can be no question that the 
underlying series had reached its present condition before the 
deposition of the overlying conglomerate. We have here, 
then, very strong presumptive evidence of the existence of a 
considerable unconformity. 

Onconformity in the Kaministiquia district.—Our recent 
work has shown that an exactly similar conglomerate is found 
very extensively developed in the neighborhood of Kaministi- 
quia, Ontario. This is associated with a series of rocks 
which are the exact duplicate of the Vermilion Iron-Bearing 
Series. The reproduction in lithological phases is more perfect 
between these series than between any other detached series of 
rocks known to us in the Lake Superior region. The Ontario 
rocks have been subjected to folding so as to repeat the 
series, in this respect only differing from the Vermilion Lake 
rocks. The most abundant Kaministiquia rocks are the pecu- 
liar slates and schists, not easily described, but having charac- 
teristics easily recognized by any one who has studied the equiv- 
alent Minnesota series. These rocks, as at Vermilion Lake, con- 
tain abundantly the various phases of ore, chert and jasper well 
exposed at Tower and Ely and have an extent for many miles. 
The slates and schists are locally carbonaceous and graphitic as 
at Vermilion Lake, as for instance north of Port Arthur. 

The iron-bearing formation is in many places in its upper parts 
an iron carbonate which varies into ferruginous cherts and 
jaspers. These facts point to their derivation from an original 
cherty carbonate, as shown by Irving* to be probably true of 


* Origin of the Ferruginous Schists and Iron Ores of the Lake Superior Region, 
R. D. Irving: this Journal, III, xxxii, 267-270, 1886. 

Prof. N. H. Winchell and H. V. Winchell deny the derivation of the Ver- 
milion ores from an original iron carbonate on account of the alleged lack in that 
district of this material. (On a Possible Chemical Origin of the Iron Ores of the 
Keewatin in Minnesota: Proc. Am. Assoc. Adv. Sci., 38th meeting, 1889, pp. 
235-242; Am. Geol., vol iv, pp. 291-300, 1889.) That it is there found has 
already been shown by Irving, and the objection wholly falls to the ground in the 
Kaministiquia district. 

Dr. M. E. Wadsworth maintains that the Lower Marquette ores and jaspers 
are eruptive. (Notes on the Geology of the Iron and Copper Districts: Bull. Mus. 
Comp. Zool., 1880, vol. vii, pp. 28-52.) Many facts are cited to show the way in 
which the jasper and ore intrude the associated schist or have irruptive contacts 
with it. The facts, however. indicate the eruptive character of the ore and jasper 
only if the schists are of sedimentary origin. Our later investigations have 
shown that the Lower Vermilion and Lower Marquette iron-bearing members con- 
tain many schistose dykes, and also that in many cases the massive greenstone 


4 


124 Van Hise—Attempt to harmonize some apparently 


the Marquette, Vermilion Lake and other Lake Superior iron- 
bearing series. Here, as at Vermilion Lake and Hunter’s 
Island the overlying conglomerate containing the jasper frag- 
ments has been derived from tiis underlying formation. We 
thus can separate the Vermilion, Hunter’s Island and Kaminis- 
tiquia iron-bearing and associated rocks into two series, an 
a and a lower, just as we have been able to divide the 
arquette series into two divisions. 

Position of the Ogishki Manissi conglomerate.—lf the 
foregoing is true, it determines the place of the Ogishki 
Manissi conglomerate. This has been placed by Dr. Alexander 
Winchell* as a part of the Vermilion Lake Iron-Bearing, that 
is, Lower Series. Professor N. H. Winchell,+ having practi- 
cally the same facts at his disposal has placed this conglomer- 
ate as probably belonging with the Animikie, and the asso- 
ciated slates have been given the same color as the Animikie 
formation on his 

If, as argued above, the debris of the conglomerates is de- 
rived from the iron-bearing series after they have undergone 
profound changes, they do not belong with those series, but 
should be placed at an independent horizon or at the base of 
the Animikie. These conglomerates have been regarded by 
Mr. W. N. Merriam, who has done a very large amount of 
work in northeastern Minnesota, as a layer overlying the 
older formations. While the iron-bearing schists at Vermilion 
Lake are in a vertical attitude, the clastic layers of which the 
conglomerates are a part have been found on some of the 
islands of Vermilion Lake by Mr. Merriam to be gently folded 
into a series of rolls, although often having a vertical cleavage. 
We thus conclude, as has been thought by Irving, that at Ver- 


knobs of the Marquette region vary by imperceptible stages into the schists asso- 
ciated with the iren ore and jasper. (The Iron Ores of the Penokee-Gogebic 
Series of Michigan and Wisconsin. ©. R. Van Hise: this Journal, III, xxxvii, 
32-48, 1889; the Greenstone Schist Areas of the Menominee and Marquette 
Regions of Michigan, George H. Williams: Bull. U. S. Geol Survey No. 62.) 
The schists are then, in part at least, of eruptive origin. That these well 
laminated rocks should not at first be regarded as eruptive is natural, but the 
variation of massive igneous rocks into those which are well laminated as a re- 
sult of dynamic action and metasomatic changes is now so well known that new 
cases of it excite no surprise. I would by no means assert that all of the schist- 
tose rocks associated with the iron-ores and jaspers in the Marquette and Ver- 
milion districts to be of eruptive origin, but this is certainly the case at many 
localities. This view reverses Dr Wadsworth’s and makes his sedimentary rocks 
eruptive and his eruptive ones sedimentary. It will, however, be seen that this 
position harmonizes Irving’s conclusion as to the sedimentary origin of the ores 
and jaspers, and the point upon which Dr. Wadsworth places most emphasis, that 
there are irruptive contacts between these rocks and the associated schists. 

*Geol. and Nat. Hist. Survey of Minnesota, 16th Ann. Rept., 1887, p. 359; 
Proc. Am. Assoc Adv. Sci., 38th Meeting, pp. 234, 235. 

¢ Geol. and Nat. Hist. Survey of Minnesota, 16th Ann. Rept., 1887, p. 98. 

¢Geol. and Nat. Hist. Survey of Minnesota, 15th Ann. Rept., 1886, pp. 
208-209. 
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milion Lake and Ogishki Manissi Lake we have an infolded 
newer series resting upon older series of more crystalline rocks.* 

Break below Lower Marquette Series.—It cannot be denied 
that the recognition of the break described disposes of some of 
the evidence which has been cited as proof of the break be- 
tween the Lower Marquette and Lower Vermilion Series and 
the underlying complex. 

Over large areas, by overlapping, the Upper Marquette 
Series of great thickness undoubtedly comes in contact with 
the Fundamental Complex. So far as local unconformities 
and basal conglomerates occur between these two, they only 
prove that the Upper Marquette Series is unconformably above 
the Fundamental Complex. Those who have held that the 
granite is later than the Marquette Series, and that tlie rela- 
tions between the two are those described by Lawson between 
the Laurentian and Coutchiching, will undoubtedly gain sup- 
port to an allied position by this fact, if so shifted as to main- 
tain these relations between the Laurentian and Lower Mar- 
quette only. Since we cannot here enter into a discussion 
which would occupy much space, I can only state that it yet 
seems to us that there is sufficient evidence for the belief that 
the Lower Marquette Series rests unconformably upon the 
Fundamental Complex; while recognizing the fact that much 
of the granite is intrusive in certain “ dioritic schists” which 
have usually been regarded as belonging to the lron-Bearing 
Series. 

The foregoing facts and relations in the Marquette, Ver- 
milion and Kaministiquia districts once appreciated, it imme- 
diately occurs to one that here is a key which will harmonize 
apparently discordant opinions as to Lake Superior strati- 


graphy. 

elations of Animikie and Vermilion Series.—In the past 
few years the controversy has been most keen as to the equiv- 
alence or non-equivalence of the Animikie and Vermilion Lake 
Iron-Bearing Series. Professor Irving has maintained that the 
Animikie Series, in its lithological character, is like the Mar- 
quette, the Marquette like the Vermilion, and therefore the 
Animikie in all probability the equivalent of both Marquette and 
Vermilion.t Professor Alexander Winchell having visited 


*Some Results of Archean Studies, Alexander Winchell: Bull. Geol. Soc. of 
America, vol. i, pp. 357-390; and Discussion, pp. 391-393. 

+ Prof. Irving perfectly appreciated that the Animikie Series rests in uncon- 
formity (On the Classification of the Early Cambrian and Pre-Cambrian Forma- 
tions, R. D. Irving: U.S. Geol. Survey, 7th Ann Rept., p. 421), upon their im- 
mediately underlying rocks, but believed that the weight of evidence to incline to 
the position that the Vermilion Lake iron-bearing series at some distance to the 
west is an infolded newer series now in apparent conformity with the older con- 
taining rocks, and that itis these latter which extend eastward and are found 
underlying the Animikie. 
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the Lower Marquette Series, and seeing but little of the 
ground in which the Upper Marquette is found, and conse- 
quently not appreciating that in area and in volume this series 
probably surpasses the Lower Marquette, has maintained that 
the Marquette rocks are the equivalent of the Vermilion Lake 
Iron-Bearing Series, but that the Animikie Series is separated 
from that at Vermilion Lake by a great unconformity. He, 
however, appreciated that in the Marquette district are certain 
slates which in lithological character are like and might be equiv- 
alent to the Animike.* Both of these positions probably have 
an element of truth and an element of error. The Upper Mar- 
quette, Upper Vermilion, Upper Hunter’s Island (Ogishki Ma- 
nissi), in their lithological characters and gentle folding, are 
closely analogous to the Animikie, and as maintained by Irving 
are its probable equivalent; while the Lower Marquette and 
Lower Vermilion Lake, as maintained by Professor Alexander 
Winchell, unconformably underlie the Animikie. Whether be- 
tween the Kaministiquia and equivalent conglomerates, and 
the flat-lying rocks of the Thunder Bay district, recognized 
heretofore as Animikie, there is a minor physical break, we 
have no sufficient evidence to give an opinion. As has 
been noted, it has been long well known that near Port 
Arthur, Ontario, the Animikie and underlying Kaministi- 
uia Series are unconformable. Mr. Peter McKellar,+ who 
or many years has been familiar with this region, has 
proved this conclusively. It has already been seen that the 
rock series here unconformably underlying the Animikie are 
identical with the Vermilion Lake Iron-Bearing Series. Con- 
sidering the complete likeness of this lower series with that 
bearing iron at Vermilion Lake, I can no longer have any 
doubt of the truthfulness of the conclusion as to the physical 
break between the Animikie and Lower Vermilion Series in 
northeastern Minnesota, while yet believing in the equivalence 
of the Animikie and Upper Vermilion. 

Correlation, general considerations.—We pass now to the 
general correlation of the Lake Superior formation lying be- 
tween the two planes defined at the beginning of this paper. 

Before it can be decided whether series so far distant from 
each other as the Dakota quartzites and the Original Huronian 
(separated by 800 miles) can be parallelized, it ought to be 
more definitely settled to what extent correlation can be made 
by unconformities and lithological likenessess. Professor 


* Geol. and Nat. Hist. Survey of Minnesota, 16th Ann. Rept., 1887, pp. 128, 
357-359. 

+The Correlation of the Animikie and Huronian Rocks of Lake Superior, 
Peter McKellar: Trans. Royal Soc., Can., vol. v, sec. 4, pp. 63-73, 1887. 
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Irving* inclined to the belief that such structural breaks as that 
described in the Marquette district are of great extent, and 
this accords with the general trend of modern structural work. 
From what has gone before it appears exceedingly probable 
that the structural break between the Upper and Lower Mar- 
quette is identical with that which separates, even in a more 
pronounced manner, the Animikie and Kaministiquia Series 
and the Upper and Lower Vermilion Lake Series on the other 
side of the Lake Superior basin. This break, being thus so 
strongly marked at points so far separated, would argue that it 
extends over a very considerable area of the Lake Superior 
region, not improbably from the most distant rock-series before 
mentioned, the Quartzites of Dakota and the Original Huro- 
nian of the north shore of Lake Huron. It could not be ex- 
pected that a like succession would be found in each of the 
areas parallelized, even if they all belong to the same geolog- 
ical series. In the first place, the rocks in some districts are 
not sufficiently tilted to make it certain that all of the layers 
are exposed. Farther, nine-tenths or more of the surface of 
the country over large areas is heavily covered by the drift, so 
that it is all but certain that formations which exist at the rock 
surface have not been discovered. Still farther, no satisfactory 
explanation has yet been made of the subordinate succession of 
formations in the Marquette, Felch Mountain, Menominee and 
Vermilion Lake districts. So it is not yet known how far the 
order which prevails in one of the districts is equivalent with 
that which prevails in another. From recent work it is proba- 
ble that future investigations will show that this likeness is 
reater in the series below correlated than has been suspected. 
ut even supposing the discordances are so great as the present 
known facts might lead one to suppose, it would not be any 
very strong evidence against the correlations; for it is not to 
be expected that the same conditions of sedimentation would 
ag at all times in a geological basin 800 miles in diameter. 
While in one part of the basin fragmental sediments were accu- 
mulating, it would be very strange if it were not the case that 
chemical sediments or organic sediments were elsewhere accu- 
mulating. Below it is shown that the Penokee and Animikie 
Series are the geological equivalents of each other in the broad- 
est sense of the term. It is not necessarily true that sedimen- 
tation began or ended simultaneously in both regions, but only 
that in the main they stand as time equivalents. How fara 
correspondence can be made out among the subordinate mem- 
bers of the various districts can only be determined by a de- 
tailed investigation of each of the areas. 


* On the Classification of the Early Cambrian and Pre-Cambrian Formations, 
R. D. Irving, U. 8. Geol. Survey, Seventh Ann. Rept., p. 391. 
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The Original Huronian Series.—Passing now to the Orig- 
inal Huronian.* Shall this series be correlated with the Upper 
or Lower Marquette, or is it the equivalent of both? A 
careful field and laboratory study of the rocks of the Original 
Huronian has shown it to consist in great part (1) of frag- 
mental quartzites, the induration of which has been caused by 
the deposition of interstitial silica; (2) of graywackes and 
graywacke-slates (at time, conglomeratic—Logan’s slate-con- 
glomerates), the induration of which is due to the deposition 
of interstitial silica and metasomatic changes in the feldspar; 
(3) of cherty limestones; and (4) of eruptives. So far as yet 
known an iron-bearing belt is not there largely developed, 
although at certain localities rocks belonging to this formation 
are found. 

In its readily recognized fragmental character, in its gentle 
folding, and in the greatness of the break between it and the 
granite-gneiss complex, the Original Huronian is much more 
nearly analogous to the Penokee, Upper Marquette and 
Animikie than to the Lower Marquette and Lower Vermil- 
ion iron-bearing series. In the order of succession of its 
subordinate members it cannot be said to correspond very 
closely with either the Upper Marquette and Animikie or the 
Lower Marquette and Lower Vermilion Lake. It, however, 
seems to us that its unmetamorphosed character is a guide 
of some importance. As pointed out by Mr. McKellar,t the 
intense folding to which the Vermilion Lake and Kaminis- 
tiquia Series have been subjected must have preceded the much 
more gentle synclinal movement which formed the basin of 
Lake Superior. That no violent squeezing has occurred since 
the beginning of Animikie time is known to be true of the 
Lake Superior Basin, and this being true, it seems exceedingly 
probable that the gently folded rocks of Lake Huron belong 
with those of like character about Lake Superior. If this is 
not the case, the intense dynamic movements which produved 
the closely folded rocks of Northeastern Minnesota and Ontario 
must have lost their force before reaching the area about Lake 
Huron, and this region must have escaped any serious folding 
for a Jonger time than any other closely studied part of the 
earth’s crust. 


* The Original Huronian only is here compared with the series about Lake 
Superior because it is the area to which the term was first applied. and also be- 
cause tt has been more thoroughly described and mapped than any other area in 
Canada designated by the term Huronian. How far other areas of rocks in- 
cluded under this term by the Canadian Survey in the past are the equivalent of 
this Original Huronian area is difficult to determine. That many other areas are 
less Huronian than the original area I would not pretend to say. Jn this con- 
nection see, The Huronian System in Canada, by Robert Bell, Trans. Royal Soc. 
Can., vol. vi, sec. 4, pp. 3-13, 1888. 

¢ L.c. p. 88. 


| 

| 

| 


conflicting Views of Lake Superior Stratigraphy. 129 


Besides the reason already mentioned for placing the Huro- 
nian as the equivalent of the Animikie and Upper Marquette 
rather than below these series, we have one characteristic feat- 
ure which is of some weight. 

One of the most peculiar rocks of the Original Huronian is 
a conglomerate which carries numerous fragments of blood-red 
jasper. At present the source of these fragments is unknown. 

rom what has gone before it is apparent that a jasper con- 
glomerate is the basal member of the Upper Marquette Series, 
and also that similar conglomerates occur in a like position in 
Ontario and northeastern Minnesota. Considering the wide- 
spread character of this jaspery, cherty and iron ore conglomer- 
ate, its occurrence in the Huronian of Lake Huron suggests 
that here may be found in the future an underlying series 
which bears this jasper in large quantity and which therefore 
will in position and in lithological character, be the equivalent 
of the Lower Vermilion and Lower Marquette iron-bearing 
series. 

In this connection it is to be said that Mr. McKellar, in the 
article already cited, argues that the Animikie is newer than 
the Original Huronian because of the great unconformity 
which maintains between the Animikie series and the underly- 
ing schists of western Ontario which he regards as Huronian. 
The weak point of this argument is the assumption that those 
underlying schists are more nearly like the Original Huronian 
than are the Animikie rocks. The author states that he has 
not himself closely studied the Original Huronian, while the 
later writers who have visited both regions, including Prof. 
Irving and the Profs. Winchell, agree that the Original Hu- 
ronian is far more nearly alike, both in essential lithological 
character and in conditions of metamorphism, to the Animikie 
series, than to the folded schists of Canada and Vermilion 
Lake iron-bearing rocks, and with this view our later work 
work accords. 

The Sioux Quartzites, St. Louis Slates, etc.—Much of what 
has been said to show that the Original Huronian is the equiva- 
lent of the Animikie, Upper Vermilion and Upper Marquette 
applies with equal force to such rock series as the Chippewa 
Quartzites, the Baraboo Quartzites, the Sioux Quartzites and 
the St. Louis Slates. None of these series are closely folded 
although often, dynamic movements have developed slaty cleav- 
ages. Also their original fragmental character is seen under 


* Since this paper was written, Alexander Winchell has announced the dis- 
covery of an unconformity in the Original Huronian area, the ‘‘ Lower Slate Con- 
glomerate ” beionging below the break, although no contacts are described. If 
this conclusion is correct, we have here as in other districts two series above the 
fundamental complex and the analogy is complete (Am. Geol., vol. vi, p. 370). 
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the microscope at a glance. These series present thick beds of 
fragmental rocks, the induation of which has been caused by 
the same process whieh vitritied the quartzites of the Original 
Huronian. The supposed absence of ferruginous rocks in these 
districts has been used in the past as an argument against the 
correlation of them with the Penokee and Animikie Series 
below considered, but this absence has no particular weight 
because such beds, as compared with the fragmental rocks, are 
insignificant in amount; and farther, it is quite possible that 
such non-fragmental water-deposited formations may in the 
future be found in several or all of these districts. The prob- 
ability of this is rendered greater by the fact that explorations 
for iron have very recently developed beds of this sort between 
the two quartzite ranges of Baraboo and in the northward 
extension of the St. Louis Slates. The rocks here found are 
the exact parallel of the iron-bearing beds of the Penokee and 
other iron-bearing districts. The percentage of iron is so great 
in certain localities that the material is being mined for an ore. 

The Penokee-Gogebic and Animikie Series.—In the Penokee- 
Gogebic district of Michigan and Wisconsin we have the fol- 
lowing succession: At the base is a gneiss-granite schist com- 
plex. The schists are always completely crystalline, although 
often finely laminated or foliated. The contact of the granites 
and granite-gneisses with the crystalline schists is the irruptive 
one so well described by Lawson as prevailing in Ontario. 
Above this granite-gneiss-schist complex, and separated from 
it by a great unconformity, is a Cherty Limestone Member 
which in places is 300 feet thick. While it extends east and 
west many miles, it is not longitudinally continuous. Above 
this cherty limestone, separated by an erosion interval, is the 
Penokee-Gogebic series proper, which consists of a Quartz- 
Slate Member, the upper horizon of which is a vitreous quartz- 
ite, an Iron-Bearing Member, and Upper Slate Member. Above 
the Penokee series, separated by another very considerable 
unconformity, is the Keweenawan Series. The parallelism 
between this region and the Marquette already described is at 
once manifest. The Penokee series proper is the equivalent of 
the Original Huronian, Upper Marquette and their equivalents: 
The Cherty Limestone Member stands as a possible equivalent 
of the Lower Marquette. But this correlation is of uncertain 
value, and, if sound, in the Penokee-Gogebic district the upper 
members of the equivalent of the Lower Marquette have been 
removed by erosion. That this is not improbable is indicated 
by the fact that the cherty limestone is of very considerable 
thickness in some places and has entirely disappeared in others, 
while numerous fragments of it are found in the basal member 
of the Penokee series. proper. 
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Farther, the relative geographical positions of the Penokee, 
the Upper Marquette and the Chippewa Quartzite districts are 
such as to strongly suggest that they were once connected. 
The Penokee Series at the east is cut off by the unconformably 
overlying Eastern Sandstone; but east of the south end of 
Gogebic Lake there are here and there outcrops of slate which 
are like the Upper Slate Member of Penokee district, and a 
short distance to the east the narrow belt spreads out into the 
broad area of fragmental rocks of which the Marquette and 
Menominee districts are arms. At the west the Penokee Series 
has been entirely swept away by erosion, the copper-bearing 
rocks eoming in contact with the underlying gneisses and gran- 
ites; but to the southwestward appears the fragmental quartz- 
ites of the Chippewa valley which are believed to be its 
continuation. 

The equivalency of the Penokee Series with the Animikie 
is as plain as the equivalency of any two areas of detached 
rocks in a single geological basin can possibly be in which is 
lacking clear paleontological evidence. It has been seen that 
above the Cherty Limestone of the Penokee Series is an 
erosion interval. In the Animikie Series we know of no 
equivalent to this member, and in what follows it is excluded 
from the discussion. The Penokee and the Animikie rocks 
have a parallelism in lithological characters which is most 
remarkable. Not only is there a general likeness between the 
specimens from the two districts, but almost every phase of 
rock from the Animikie Series can be matched by specimens 
from the Penokee district. In the Animikie district the for- 
mations underlying the iron-bearing belt are not extensively 
exposed, and consequently little is known of the Animikie 
equivalent of the Quartz-Slate of the Penokee Series. But 
along the Lower Current River, near Port Arthur, Ontario, 
quartz-slates underlying the [ron-Bearing Member are found, 
which resemble certain phases of the Penokee Quartz-Slate. 
Beginning with the iron-formations, the parallelism between 
the two series is almost exact. The irony beds upon Gunflint 
Lake, where are found the best known exposures of the forma- 
tion, are in their lower parts jasper, magnetite-actinolite-schist, 
and cherty ferruginous rocks containing more or less iron e¢ar- 
bonate. Higher up are thick layers of thinly bedded cherty 
iron carbonate. All these varieties of rock are found in the 
iron-formation of the Penokee Series, and at many places the 
order of succession is the same. Above the iron-bearing belt 
in both regions is a great thickness of fragmental clay-slates 
and greywacke-slates which are again practically identical in 
character in both districts. It is true that in the western part 


Am. Jour. Scr.—Txirp Series, Vou. XLI, No. 242.—Fenrvary, 1891. 
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of the Penokee district mica-schists have developed from these 
slates, but the original condition of these rocks was essentially 
like that of the unaltered phases.* 

Underlying both the Animikie and the Penokee Series is a 
complex of granites and schists, the unconformity between 
which and these series is of the most pronounced character. 
That the Animikie Series is thus separated from the underly- 
ing rocks has been seen by all who have studied it. Above 
both series follow the Keweenaw rocks. In both regions, in 
passing at any place from the underlying rocks to the Kewee- 
naw Series in section, the two are in apparent conformity ; but, 
when the lines of contacts between the iron-bearing and the 
Keweenaw series are followed for some distance, both with the 
Animikie and Penokee series, this apparent conformity is found 
to be illusory. That is, the same member of the Keweenaw 
Series is now found to come in contact with one member of the 
underlying series and now with another, until in both regions at 
one or more places the entire Iron-Bearing Series is cut off, the 
Keweenaw rocks coming directly in contact with the basement 
complex.t This means that between the deposition of the 
Penokee and Animikie Series and the outflows of Keweenaw 
time there intervened a period of erosion which was sufficient 
in places to remove the whole of the inferior series and to 
cut in some places quite deeply into the Fundamental Com- 

lex. There is then an immense time-gap between these series 
and the overlying Keweenaw rocks, although this unconform- 
ity does not approach in the length of time involved to that 
separating them from the underlying schists and granites. 
he Animikie Series in its most typical development extend 
from Gunflint Lake, on the National Boundary between 
Minnesota and Ontario, to Thunder Bay, Lake Superior. The 
Penokee Series lies upon the opposite side of Lake Superior. 
The latter is a simple unfolded succession dipping to the north- 
ward under the lake; the Animikie is another such succession 
dipping to the southward under the same body of water. 
There is then little doubt, considering all the facts, that the 
two series represent a single period in the geological history of 
Lake Superior. The relations and likeness of the Penokee 
and the Animikie Series have been dwelt upon at length as 
showing the breadth of the geological basin in which the 
deposition of like rocks was taking place simultaneously. 


* Upon the Origin of the Mica-Schists and Black Mica-Slates of the Penokee- 
Gogebic Iron-Bearing Series, C. R. Van Hise: this Journal, III, xxxi, 453-459, 
1886. 

+ For full discussion of the proof of the unconformity between the Animikie and 
Keweenaw Series, see On the Classification of the Karly Cambrian and Pre-Cam- 
brian Formations, R. D. Irving: 7th Ann. Rept., U. S. Geol. Survey, pp. 417-423. 
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The equivalency here shown is a long step in understanding 
the equivalency of other rocks in the Lake Superior basin. 

The Marquette Series.—As in the Marquette district we 
have already discussed in a general way the succession, it need 
here be merely repeated. It is as follows: At the base is a 
gneiss-granite complex, Lawson’s Laurentian, and this is asso- 
ciated with crystalline schists which are like Lawson’s Coutch- 
iching. The relations between these two classes are also those 
described as occurring between them in Ontario. In ascending 
order follow the Lower and Upper Marquette, having the 
lithological characters and relations above described. 

The Menominee and Felch Mountain. Series.— Passing now 
to the Menominee and Felch Mountain districts, our informa- 
tion is less exact. It is, however, clear that in both of these 
areas we have the Fundamental Complex ; that is, the granites 
and gneisses associated with crystalline schists having the usual 
“irruptive contacts ”—the equivalents in every respect of Law- 
son’s combined Laurentian and Coutchiching. Above this 
complex Prof. Pumpelly, with whom this whole subject has 
been discussed and who has great familiarity with the entire 
Lake Superior region, suggests as “aati J probable that in 
the Felech Mountain Iron-Bearing Series only the equivalent of 
the Lower Marquette occurs, the upper series, if it once existed, 
having been removed by erosion; while in the Menominee 
district both representatives of the Lower and Upper Marquette 
are present. The Menominee proper—that is, that part of the 
area which includes the Chapin, Ludington and Norway mines ; 
those in which a cherty limestone is found—are Lower Mar- 

uette, while the western district, including such mines as the 

ommonwealth, Florence and many others occurring in the 
upper black slate are Upper Marquette. That between these 
two is an unconformity is not proven, but it is a probability to 
be sought. 

The Black River Falls Series—-The Black River Falls 
Iron-Bearing Schists of Wisconsin have no such structural rela- 
tions as to enable one to determine their position. They are, 
however, thoroughly crystalline schists and are in vertical atti- 
tude. On these grounds they are placed as the equivalent of 
the Lower Marquette. 

In the districts about the Lake of the Woods and Rainy 
Lake, so well described by Lawson,* we have apparently, as at 
Felech Mountain only the two lower series of the general suc- 
cession, the Coutchiching-Laurentian complex; and above this 


* Report on the Geology of the Lake of the Woods Region, Andrew C. Lawson, 
Geol. and Nat. Hist. Survey of Canada, Ann. Rept. 1885, vol. 1, new series, part 
CC, pp. 1-151. Report on the Geology of the Rainy Lake Region, Andrew C, 
Lawson: Geol. and Nat. Hist. Survey of Canada, Ann. Rept. 1887, part F, pp. 
1-190. 
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the Keewatin—probable equivalent of the Lower Marquette. 
It, however, appears that in this part of Ontario somewhat dif- 
ferent conditions prevail from those which occur on the south 
shore of Lake Superior. The irruptive contact found between 
the Coutchiching and Laurentian is also present between the 
Laurentian and Keewatin. Upon the south shore it does not 
appear that granitic eruptions of any magnitude have taken 
lace since the beginning of Lower Marquette time, although 
in the Felch Mountain Iron-Bearing Series occurs one granitic 
dyke of considerable size, and it is not impossible that in the 
Marquette district itself some of the lower members truly 
belonging to the iron series are cut by granitic eruptions. 

We then have in the Lake Superior region the provisional 
arrangement for the Pre-Cambrian rocks on page 137. 

Nomenclature.—There still remains the question of nomen- 
clature. A sufficient number of terms have been suggested, 
and it is only necessary to ascertain which have prior right and 
best answer the needs of geology. The work of Lawson has 
made it clear that the old Laurentian must be subdivided. 
He retains for the igneous portion of it Laurentian, and pro- 
poses for the lower crystalline schist series—which he sup- 
poses to be fragmental, but which if so in most cases does not 
how reveal at all its original clastic character—the term 
Coutchiching. The rock series represented by these terms, as 
has been seen, cover large areas in Minnesota, Michigan, and 
Wisconsin, and the relations between the two are here the 
same as in Ontario. It then seems desirable to apply them 
broadly to the Fundamental Complex of the south as well as 
the north shore of Lake Superior. The only other term intro- 
duced for this part of the column is the Vermilion Series, 
equivalent to Coutchiching, proposed by the Professors Win- 
chell. The latter term has, however, unquestionable priority 
and has been more detinitely defined.* 

The term Keewatin was defined by Lawson to cover a series 
of clastics about the Lake of the Woods, and was chosen by 
the Professors Winchell for the Vermilion Lake iron-bearing 
series, which was believed by them to be the equivalent of the 
Original Keewatin. If this conclusion were demonstrated, it 
would seem proper to adopt this term to cover not only the 


* In this article, Vermilion Series always refers to the iron-bearing rocks and 
associated clastics of Vermilion Lake. This term was thus first loosely applied 
by Irving (Preliminary Paper on an Investigation of the Archean Formations of 
the Northwestern States, R. D. Irving: 5th Ann. Report, U. S. Geol. Survey, pp. 
177-242.) Later it was used by the Professors Winchell to designate an under- 
lying series of crystalline schists. For this series, however, Lawson had previ- 
ously proposed the term Coutchiching. (The Internal Relations and Taxonomy 
of the Archean of Central Canada, Andrew C. Lawson, Bull. Geol. Soc. of Amer- 
ica, vol. i, p. 183, 1890.) 
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series in these districts, but the Lower Marquette, Lower Ver- 
milion, Hunter's Island and Lower Kaministiqua series. It is, 
however, by no means clear that the Keewatin will not prove 
to be a complex series just as have the Marquette and Vermil- 
. ion Lake rocks. One other term has been proposed for this 
place, Marquettian,* but this term is objectionable because as 
used it included both Upper and Lower Marquette. £Dr. 
Selwyn very strongly maintains that Huronian as used by the 
Canadian Survey includes not only the rocks designated in 
this paper under the term Original Huronian, but also all such 
series as the Keewatin, Lower Marquette, and Lower Vermilion 
Lake. This also accords with what has been done on the 
United States side of the boundary in the past, so that for the 
position in the general column below the Original Huronian is 
used Lower Huronian. 

Mr. Lawson+ has proposed Ontarian to cover the Keewatin 
and Coutchiching. It appears to us that this term is unneces- 
sary, and that the purposes of geology are better subserved by 
using the term Algonkian to cover all the clastic series between 
the Fundamental Complex and the Cambrian, and to retain 
Archean as a term of codrdinate value with this for the under- 
lying complex. 

Dr. Selwyn and Professor N. H. Winchell maintaint that 
the Keweenawan and Animikie are properly Cambrian. 
Whether the term Cambrian shall be so extended downward 
as to cover two great unconformities and two additional rock 
series of very great thickness is purely a matter of policy and 
of nomenclature. While it is of primary importance that an 
agreement shall be reached as to the actual rock successions in 
the Lake Superior region and their equivalence, it is but a sec- 
ondary matter as to the names which shall be applied to them. 
That fossils are found in the Huronian is not sufficient evidence 
that the Cambrian shall be extended downward indefinitely. 
That the evidences of abundant life are here found has been 
long known. Many of the slates heretofore called Huronian 
on the south shore of Lake Superior not only contain graphitic 
material, but a considerable percentage of hydrocarbons. In 
the Animikie, on the north shore of Lake Superior, it is said 
that in certain mines and openings rock gas forms in consider- 


* Geol. and Nat. Hist. Survey of Minn., 16th Ann. Rept., 1887, pp. 365, 366. 

+ The Internal Relations and Taxonomy of the Archean of Central Canada, 
Andrew C. Lawson, Bull. Geol. Soc. of America, vol. i, pp. 175-192, 1890. 

U. S. Geol. Survey, 10th Ann. Rept., Report of the Director. 

The Pre-Cambrian Rocks of the Black Hills, C. R. Van Hise, Bull. Geol. Soe. 
of America, vol. i, foot-note p. 238, 1890. 

¢ Tracks of organic origin in rocks of the Animikie group, A. R. C. Selwyn: 
this Journal, III, xxxix, 145-147, 1890, with Geol. and Nat. Hist. Survey of Minn. 
17th Annual Report, 1888, p. 68. 
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able amount. Also small quantities of rock may even be ob- 
tained which will burn. These substances must result from 
the ordinary processes which produced rock gas and coal in the 
rocks of far laterage. In the Sioux quartzites one unquestion- 
able fossil has been discovered by Professor N. H. Winchell :* 
a discovery of a fossil has been announced by Dr. Selwynt+ as 
occurring in the Animikie. It is a hope that in the future 
numerous other fossils will be found in these series, so that we 
may have the assistance of paleontology in Lake Superior 
stratigraphy. Until, however, a fauna is known in this 
region which is distinctly Cambrian, the discovery of life or 
of certain fossils in the Keweenawan and Huronian rocks is 
wholly insufficient evidence for placing them with the Cam- 
brian. ‘The Cambrian fauna in development is fully half way 
up the life column. Just as another period of life has suc- 
ceeded the Cambrian, another has preceded it. The progress 
of paleontological knowledge has of late been downward. 
Before there was a recognized Cambrian there was a well 
known Silurian, and it is probable that as we become familiar 
with all parts of the world, other faune will be discovered 
below the Cambrian as distinctive in character as the Cam- 
brian is from the Silurian. When this is done, we shall have 
definite means to correlate rock series which occur in different 
parts of the world in the great time place represented by the 
Algonkian.t 

co no expectation that the above provisional succession 
and correlation for the Lake Superior region will prove to be 
accurate in all details. Toa certain extent it is based upon a 
large number of facts and may be considered as true with a 
reasonable degree of probability. Another part is based upon 
facts of a more general nature and therefore has a correspond- 
ing uncertainty. It is, however, believed that there is in 
‘reality a much greater degree of harmony than has been 
thought in the conclusions which the various writers have held 
most steadfastly as to Lake Superior stratigraphy. 


* Geol. and Nat. History Survey of Minn., 13th Annual Report, 1884, pp. 68-72. 
+ Tracks of Organic Origin in rocks of the Animikie group, A. R. C. Selwyn: 


this Journal, III, xxxix, 145-147, 1890. 
t For a fuller discussion of the subject of this paragraph see “On the Classifi- 
cation of the Early Cambrian and Pre-Cambrian Formations,” R. D. Irving, U.S. 


Geol. Survey, 7th Ann. Rept., pp. 448-454. 
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* This succession is analogous to that given by Dr. Alzxander Winchell (Som: Kesults of Archean Studies, Alexander Winchell; Bull. Geol. Soc of America, 1890, vol. i, p. 389), 

excent that the great Vermilion and Oyishki series of slates and conglomerates would be placed by him in the Keewatin. Vermilion series as we use it applies to the iron-bearing 

and associated rocks, while the cr atalliag schists are designated by Coutchiching. 

aan lron-Bearing Series of Michigun and isconsin, R. D. Irving and C. R. Van Hise. Monograph 16 U.S. Geol. Survey; Abstract of same, 10th Ann, Rept,. U. 8. 
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Art. XVIL—Powellite—Caleium Molybdate: A new min- 
eral Species; by W. H. MELVILLE. 


ATTENTION has been recently called in mining journals to a 
locality in the western part of Idaho known as the “Seven 
Devils” where mining operations for some time past have 
been actively conducted. “The ‘Seven Devils’ about ninety 
miles due north of Huntington and fifteen miles east of Snake 
River form a high broken chain of mountains nearly 9,000 
feet above the sea level. The mineral zone is about one mile 
wide by four miles in length.”* The ore is worked for copper 
and silver, and is mainly the mineral bornite, a sulphide of 
copper and iron. “ The formation on the west of the vein of 
ore is syenite and quartzite, while on the east wall is a soft 
white granite. A short distance to the east is a lime contact 
which extends south for some four miles, and forms a contact 
with granite. Along this contact some very good chimneys of 
ore have been discovered.” 

This bornite carries silver varying in quantity from 12 to 
20 ounces to the ton. In one sample of very pure bornite Mr. 
R. L. Packard found by assay 14 ounces of silver to the ton. 
A sample from which I had separated for the most part the 
other mineral constituents gave me 15°65 ounces of silver to 
the ton. It was this latter fragment of. bornite, weighing 
about 60 grams, which Mr. Packard picked up from a dum 
before one of the tunnels in the mining claim called Pesnéek 
and which through this gentleman’s kindness furnished the 
material for this paper. The specimen had evidently been 
exposed to weathering processes and had become friable to 
such an extent that between the fingers it could be crushed by 
slight pressure. 

There were two associated minerals, one of which was 
identified by the following partial analysis as a lime-alumina 
iron garnet. It was light brown, but not crystallized. It 
fused easily to a black glass. 


Loss on ignition..............-. 0°06 per ct. 
Sid 


* Quotations from Engineering and Mining Journal, Nov. 22, 1890. 
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Crystallized dark brown garnet is found in considerable 
abundance throughout this locality. The crystals exhibit the 
usual combination of rhombic and tetragonal 
trisoctahedron. 

That which proved to be the most important constituent of 
the specimen, about 1°5 grams, somewhat resembled scheelite at 
first oe but a careful study of its characters excluded that 
mineral species from consideration. The strong reactions for 
molybdenum suggested a new species. The mineral was well 
erystallized and easily detached in almost absolutely pure con- 
dition from its friable matrix. Angular measurements were 
obtained on a number of crystals, from which the crystallo- 
graphic elements were calculated. The 7 
fundamental angle (111) ~ (111) was oor 
chosen because of its great accuracy, 
the signals on the goniometer being per- 
fectly reflected from these planes. Other 
angles were read oftentimes between 
reflected signal and reflected light, and 
again between merely reflected light \\ 
from the crystal faces. The best crystals 
were about 0°04 (1™") long, and others 
attained the maximum length of 0°10 
inch. It was found that the erystals belonged to the pyra- 
midal (tetragonal) system of crystallization, and were closely 
allied in habit and development to scheelite. In the following 
table of measurements this analogy is shown. 


Powellite. Scheelite.* 
a:c 1: 1°5445 1: 15369 


Between normals. Calculated. 


Observed. 


lll« 111 49° 127 fundamental 49° 27° 
111,001 65° 24’ 65° 24’ 65° 
1114 111 79° 564’ 1’ 79° 56’ 
1014 101 65° 55’ 65° 51’ 66° 6’ 
1014111 40° 14 40° 1° 39° 58’ 


From this comparison of angles and axial ratio it is evident 
that sharp and accurate observations must be obtained in order 
to distinguish by crystallographic means alone between these 
two species. Many crystals were examined and many trials 
were necessary before any difference in these angles from those 
of scheelite could be made out. 

The following forms were observed: {001} ca: ca:e 

{lll} @: ase 
{101} @:aa:e 
{110} a:ae 

Small rudimentary planes appear on some crystals at the 

lower portion of the combination edges (111) (101), thus sug- 


* Dana’s System of Mineralogy, 1883, p. 605. 
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gesting hemihedrism as in scheelite. Indeed the curved surface 
which often replaces these edges, giving the appearance of 
fused edges, adds greatly to the evidence in favor of this sup- 
position. 

No cleavage planes could be developed by mechanical means, 
yet occasionally fragments exhibited interrupted planes similar 
to cleavage surfaces. Hardness less than scheelite, about 3°5. 
Sp. gr. 4526, mean of two determinations. Color yellow with 
a decided green tinge. Luster resinous. Crystals semi-trans- 
parent. Brittle. The blowpipe characters are those ordinarily 
given under molybdates and tungstates, although the reactions 
of molybdenum in this case obscure those of tungsten asso- 
ciated with it. The mineral fuses at about 5 to a gray mass. 
Decomposed by nitric and hydrochloric acids. 

With Powellite was associated an olive-green substance 
which without doubt resulted from the decomposition of cal- 
cium molybdate perhaps by water holding carbonie acid in 
solution, whereby molybdic ochre was formed. 

The following analysis shows the unusual replacement of a 
part of the molybdic acid by tungstic acid. Rose’s method of 
separating these acids was adopted, and abundant tests ore 
the purity of the respective products of separation. olyb- 


denum trisulphide was collected by reverse filtration and ali- 


quot portions were taken for reduction. The molybdenum 
was weighed first as disulphide, and this weight was checked 
by reduction to metal in hydrogen gas by strong and long con- 
tinued ignition. Mercurous tungstate was precipitated, then 
ignited, and tungstic acid was finally weighed. 


ANALYSIS OF POWELLITE. 
CaO required. 


99°47 

Calcium molybdate has never before been observed in 
nature, and although the mineral under discussion contains 
some calcium tungstate,—according to analysis a little less 
than one molecule to eight molecules of calcium molybdate,— 
yet the molybdate is now established asa species. It fills a 
gap heretofore existing in the series of isomorphous minerals 


22°79 
_ 2°48 
CaO 25°35 25°28 
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of which scheelite is the type. If the natural molybdate and 
tungstate of lime have the same molecular volume as is most 
probable, then the sp. gr. of pure CaMoO, should be 200+46-9 
= 4267, if the molecular volume, 288 + 6:14 = 46°9, is true 
for scheelite. By means of the equation for the determination 
of the sp. gr. of one constituent of a mixture containing two 
substances of which one is known, the sp. gr. of CaMoO, is 
43465 assuming the sp. gr. of CaWO, to be 6:14 and that of 
the mixture 4°526 (sp. gr. of powellite). This close agree- 
ment in these two calculations of the sp. gr. of CaMoO, is an 
interesting and important confirmation of the chemical and 
physical data which are given above. 

hen this investigation was nearly completed my attention 
was called to a recent paper by H. Traube* in which was dis- 
cussed the influence of certain varying quantities of molybdic 
acid in scheelite upon the physical constants, namely, sp. gr. 
and axial ratio. The following scheme is interesting in that it 
illustrates those variations which different proportions of iso- 
morphous mixtures of CaWO, and CaMoO, produce. No 
mathematical law seems to exist which will express these tran- 
sitions. 

CaMoO, Powellite Scheelite CaW0, 


SW. Africa.  Zinnwald. 
(2) 


(1) 
¢MoO, 72 58°58 1°92 O 


Sp. gr. 4°267 4°526 5°88 6°06 6°14 
@ic 1:1°5458¢ 1:1°5445] 1:1°5349¢ 1:1°5315 

I take pleasure in — new mineral species in honor 
of Major J. W. Powell, Director of the United States Geo- 
logical Survey. 


Chemical Laboratory of the U. S. Geological Survey, Washington, D. C., 
December 11th, 1890. 


Art. XVIII.—Briickner’s Klimaschwankungen ; by 
FRANK WALDO. 


Dr. Epwarp BrijcKNeER, the youthful professor of Physical 

Geography at the University of Berne, has devoted three 

ears to the gathering together and discussion of data concern- 

ing oscillations of climate as shown by direct observations 
* Neues Jahrbuch fiir Mineralogie, Beilage-Band, vii, Heft 2, 1890. 


+1. Th. Hiortdahl, Zeitschr. f. Kryst. xii, 413, 1887. 
t Neues Jahrbuch, Beilage-Band, vii. 
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instituted by man. His book,* which contains the results of 
his investigation, is a real contribution to the steady advance- 
ment of our knowledge of the subject, and is not merely the 
working out of a theory based upon an hypothesis which may 
be at any time overthrown by new discoveries or new ideas. 
The amount of work necessary to present the matter in the 
shape given by Dr. Briickner can be judged only by those who 
have undertaken researches of the same nature, but, as may 
confidently be said, of less extent. The sub-topics of the book 
are: 


Chapter I. The present condition of the question. Chapt. II. 
Oscillations of the Caspian Sea. Chapt. III. The secular oscil- 
lations of lakes having no outlet. Chapt. IV. The secular 
oscillations of rivers and lakes with outlets. Chapt. V. Secular 
oscillations of rain-fall. Chapt. VI. Secular oscillations of air- 
ag Chapt. VII. Secular oscillations of temperature. Chapt. 
VIII. Periodicity of oscillations of climate, derived from obser- 
vations of river ice, dates of the grape harvest, and the frequency 
of severe winters. Chapt. IX. The significance of oscillations of 
climate for theoretical and practical purposes. Chapt. X. Oscil- 
lations of climate of diluvial times. Review of the results ob- 
tained. Graphical presentations. 


In the general statement of the work that had been pre- 
viously done, as given in Chapt. I, we obtain a good idea of 


the extent of the preliminary work done by the author in 
ee for his own investigations. The most important 
iterature is certainly embraced in the several hundred titles 
referred to, and the very condensed summary of the main 
results of each (pertaining to the question under discussion) 
shows a good grasp of the matter. In some cases, however, 
minor and comparatively unimportant contributions are men- 
tioned with the same degree of deference as that given to very 
exhaustive pieces of work, and without an actual reference to 
the works themselves the reader may be misled into giving too 
much weight to the contradictions of the latter by the former. 

In carrying out his own work, Dr. Brickner has given most 
valuable critical opinions of the materials and studies on 
which he has based his researches; and his estimates of their 
individual worth are the results of painstaking and in most 
cases time-consuming investigations. 

As a final table of the oscillations of the surface of the 
Caspian Sea, Briickner gives : 


* Klimaschwankungen seit 1700 von Dr. Eduard Briickner, Penck’s Geograph- 
ische Abhandlungen, Band IV, Heft 2, Wien, 1890, (Ed. Hdlzel.) 
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Year. Amount in Meters. Year. Amount in Meters. 


15/2) + 88 —0°59 under this. 
12 century....- — 42 naan +0°22 higher than this, 
1306/07 ......-. +11°2 falling 1809/14-1845 
+ 49 —0°21 falling 1847-1856/60 
1715/20 -about + 0°3 1856/60_....... —0°27 rising 1845-1847 
1915/48... rising —0°19 
falling +0°19 rising 1866-1878 
4767/90 rising (?) +0°17 
+ 2°40 atleast +0°54 


1730/40 to 1809/14, 
a relatively high level. 


There are, consequently, maxima about 1743, between 1780- 
1809 and 1847-1879 ; and minima about 1715, 1766, 1845, and 
1856-60. Briickner places the average duration of an oscilla- 
tion at about 34 to 36 years. That these oscillations are due to 
large sectional climatic influences:is very evident. A compari- 
son with the oscillations of rainfall and temperature shows that 
for the period since 1840, these are accompanied by oscillations 
in this sea level. 

For the region west and north of the Caspian Sea, there 
occurred wet, cold periods about 1745, 1775, 1810, 1845, 1880; 
and dry, warmer periods about 1715, 1760, 1795, 1825, 1860. 
These changes affect the inflowing rivers, which in turn change 
the level of the sea. A comparison with the table of sea levels 
shows the increase with cold, wet periods and decrease with the 
dry, warm periods. There are long periods of oscillations in 
addition to the short period fluctuations. 

An investigation of a number of lakes gave the following 
results : 

(1.) The oscillations of the true river-lakes are small and 
follow without retardation the river oscillations. 

(2.) The oscillations of lakes having no outlet are large, and 
the epochs show a retardation in relation to the corresponding 
epochs of the inflowing streams: the maximum height of the 
lake may occur at the time the receding inflowing streams have 
reached an average height. 

(3.) Lakes having no outlets have a slighter retardation in 
the case where the inflowing streams have large oscillations 
than for those where the oscillations are small; and the same 
is true of lakes with low banks in contrast with those having 
high banks. 

(4.) Small secondary oscillations of the influx in lakes having 
no outlet are without marked effect when the difference of the 
inflow and diminution still retains the same sign. The only 
effect is to accelerate or retard the rise or fall of the water. 


1830 
" 
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(5.) In these particulars the partial river-lakes stand some- 
where between the true river-lakes and the lakes without 
outlet. 

A list of the times of maxima and minima before 1800 is 
given for the Alpine glaciers and seven lakes, and for the 
present century for the Alpine glaciers and 10 lakes in Europe ; 
Caucasian glaciers and 12 lakes in Asia; 10 lakes in N. 
America; 2 lakes in S. America; 6 lakesin Africa; and 3 lakes 
in Australia. As a result of a careful study of these data, 
Briickner finds that there is no law of retardation of epochs 
(phases) as regards longitude or latitude; but in general the 
periods of high and low water occur simultaneously over the 
whole earth. The period from maximum to maximum, or min. 
to min. oscillates between 30 and 40 years, with an average of 
35°6 years. If we are to judge of the climate by these oscil- 
lations of lakes without outlet, we obtain the following little 
table : 


Climate Climate 


Dry or warm or Wet or cold or 
dry and warm. wet and cold. 


Before and about —) Before and about er 


“ 
“ 
“ 


A similar table of the times of maxima and minima of water 
in 18 rivers and 13 river-lakes is as follows: 


Minima. Maxima. 


About 1760 About 1740 
1795 1775 


“1831/35 “ 1890 
“ 1861/65 “1850 
“ 1876/80 


It is seen that these periods are about the same for all three 
classes of bodies of water, and a common climatic cause must 
exist on all continents. 

But these are in a measure indirect determinations of the 
oscillations of those factors which go to make up climate. 
Direct observations of rain-fall, temperature, etc., es been 
made for a sufficient length of time to furnish material for 
closer determination of changes of climate than that just men- 
tioned. We will now summarize these. 

Rain-fall.—Briickner has made use of observations at 321 
— on the earth’s surface, and distributed as follows: 

urope 198, Asia 39, North America 50, Central and South 
America 16, Australia 12, Africa 6. It is seen that most of 
these are in the northern hemisphere, but only those stations 
could be used where the observations extended over a suffi- 


| | 
¢ max. 
1880 J 
I. 
| 
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ciently long period. While for. most of the stations the data 
are for the period 1830-1885, yet for many they extend 
farther back, at Paris beginning in 1691-95. In dealing with 
such immense masses of data, it would be too burdensome to 
use single years, and so the averages for five year periods are 
used; thus 1691-95 refers to the mean for the years 1691-92- 
93-94-95. The following table contains the average result of 
these data since 1830. 


PERIODS OF RAIN. 


Deficiency. Excess. Deficiency. Excess. Deficiency , 
Europe .... 1831-40 1841-55 1856-70 1871-85 
eee 1831-40 1841-55 1856-70 1871-85 
Australia .- —45 1846-55 1856-65 1866-75 1876-85 
N. America. 1831-40 1841-55 1856-65(71-75)1866-70(76-85) 
Cent. and 
1831-45 1846-60 1861-75 1876-85 
Taken all 
pi de t 1831-40 1846-55 1861-65 1876-85 


The average amplitude of oscillation expressed in per cent. 
of the total average amount of rain-fall is as follows: Europe 
16 per cent, Asia 30 per cent, Australia 22 per cent, North 
America 26 per cent, Central and South America 28 per cent ; 
the average for all being 24 per cent. That is in the driest 
period the rain-fall is only 2? of that in the rainiest. It a 
pears also that this oscillation is true for the whole of the land 
surface and that a deficiency in one section is not counter- 
balanced by an excess in another section. What takes place 
on the water surface of the globe we do not know with cer- 
tainty, as the rain-fall observations at sea are not suitable for 
such investigations, but the sea-coast stations probably indicate 
fairly well the results for the open ocean. 

It has been suggested that with a shifting towards the east- 
ward a regular retardation of the time of maximum or mini- 
mum exists; but Briickner shows that no such relation exists 
either with change of longitude or latitude. As regards the 
amplitude of the oscillation, it can be said that while it does 
not vary very much for the same place, yet for different 
regions of the earth’s surface it is by no means the same. In 
fact there is found to be the general law that intensity of the 
oscillations of rain-fall increases with the continentality of the 
region. The average ratios of maximum : minimum and the 
average rain-fall at the maximum and minimum for the period 
1830-1880 according to the continental distribution, and also 
arranged for progressive longitudes are as follows: 


i 
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Ratio Average Average 
min. max. 
East part of England ; 599mm 744 
North Germany 705 
S. W. Russia ‘ 570 
S. E. Russia : 384 
Ural Mt. Region ; 480 
W. Siberia 347 
564 


U. S. America, W. Coast : 517 
far western interior 684 
Eastern interior (Ohio, etc.?).. 1°20 1059 


Thus we see that in West Siberia 2:3 times as much rain 
falls in the rainy period as in the dry period. 

The observations along the east coast of the United States, 
some of the islands of the Atlantic Ocean, and the Irish coast, 
show minima at about the time of these maxima at the inte- 
rior; and if these be taken to represent the Atlantic Ocean 
rain-fall, then there exists in the case of this ocean a compensa- 
tory oscillation of rain-fall, the reverse of the oscillations on 
the land. We have in reality during long periods, a shifting 
back and forth of the isohyetal lines (lines of equal rain-fall). 
The amount of this for various isohyetals is shown in the fol- 
lowing table; in the first columns for the period from the 
minimum of 1861-65 to the maximum of 1881-85, and in the 
second column for the average maximum and minimum. 


DISPLACEMENT IN KILOMETERS, 
Counting + towards inland. 
Old World. N. America. 

Isohyetals. Westside, West side. 

1000™™ ’ —1000 —600 200 700 

900 — 500 — 200 300 500 

800 + 300 100 400 600 

700 +1500 1000 500 500 

600 + 400 1600 1200 1100 

500 + 600 1000 2000 2000 

400 800 vanishes vanishes 

300 vanishes vanishes 


It has been pointed out before what an important factor this 
displacement becomes in a questions concerning 
any actual increase of rain-fall. ere have been found 
periods of rain-fall with the following maxima and minima; 
the former being given in large type and the latter in small 
type: 

1691-1715 1806-25 
1716-35 1826-40 
1736-55 1841-55 
1756-70 1856-70 
1771-80 1871-85 
1781-1805 


| 
| | 
| 
i 
| 
| Deccan 
| 
| 
| 
| 
| 
| 
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For the present century more exact dates can be assigned to 
the times of actual maximum and minimum of rain-fall and 
they are as follows: 

1815 1861-85 
1831-35 1876-80 
1846-50 


From this it would appear probable that we are about to 
enter upon another period of very low rainfall about 1890-95. 

Atmospheric Pressure.—The study of synoptic charts, and 
the theoretical studies of Ferrel, Guldberg and Mohn and 
others, have shown us the controlling influence of the distri- 
bution of air pressure on climate for short periods and the 
desirability of a comparative investigation for long periods was 
unquestioned ; but the data for such a work were in such a 
condition that the chance was exceedingly slight for obtaining 
any results deserving of notice. Briickner has boldly attacked 
the problem, however, and has deduced some conclusions which 
the agreement of so many different series of observations for- 
bid our criticizing as being based on deviations within the pos- 
sibility of errors for single or a few places of observation. These 
investigations are based mainly on the matter presented by 
Hann in his recent great work on the “Air Pressure in 
Europe ;” and in fact without this work as a basis, Briickner 
would have been obliged either to forego this investigation or 
else to spend a year or so in the critical discussion of his prelim- 
inary data. As it is, his results refer mainly to Europe, and 
cannot be made to include other continents until some one has 
done for the observations of the air pressure on them what 
Hann spent two years (and many more in preparation) in doing 
for Europe. 

The oscillations of the air pressure are discussed by Briick- 
ner under two heads: those of the annual averages and those 
of the seasons. The table on the following page shows the 
lustra deviations of the air — in millimeters from the 
_ average for 1851-1880, and also the rain-fall in per cents. 

We see here that for the North Atlantic Ocean a relation 
exists the reverse of that in Central Europe. 

*¢The following arrangement shows the pressure variations in 
winter and summer for the dry and wet periods: 


Relative Pressure. 


North Atlantic. W. and Central Europe. E. Europe and WN. Asia. 
Winter. Summer. Winter. Summer. Winter. Summer. 


Dry period, Lower. Higher. Higher. Higher. Higher. Lower. 

Wet period, Higher. Lower. Lower. Lower. Lower. Higher. 
The discussion of these oscillations shows that for the dry 

period as compared with the rainy period there exists: (1) 


Am. Jour. Sc1.—TuHirp Series, VoL. XLI, No. 1891. 
10 
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| 

| show for the North Atlantic Ocean; (2) an increase of the 
| high pressure which extends from the Azores to the interior of 
| Russia; (3) a deepening of the low pressure in the northern 
| ae of the Indian Ocean and China Sea; (4) a decrease of the 
q 1igh pressure which exists, for the yearly means, over Siberia; 
(5) a general increase of the amplitude of the annual oscilla- 
tion, which causes in the dry period in winter a relatively high 
pressure in Europe and Siberia and a relatively low pressure 
| over the North Atlantic Ocean; and in summer a relatively 
low pressure in Central and Western Europe and on the North 
Atlantic Ocean. 


| deepening of the constant cyclone. which the annual means 


gS ( /1826-80, 31-35 | 86-40 | 41-45 | 46-50 | 51-55 | 56-50 | 61-65 | 66-70) 71-75 | 76-80 | 81-35 
| | Pressure .../+°08 92 U2—29—-19—"35 ‘17 -42—02 ‘10-33 

| Rainfall 4 1 4 -4-10 0 0 10 6 
| | | 

| 

| S | Pressure —08 —"18 —-13) +32 ---73 
7 

“| Rainfall. 1 of of 5 —6 
4 | | | 

| | 

< | | 

p | Rainfall 24° 31 24 14 54 
| | 

| | | 

2 4 | | 

| Rainfall | 26 —10/ —5 9} 23 28 
L | | 


i Each rainy period is, then, accompanied by a smoothing out 
| of all differences of air pressure, and each dry period by a 
| sharpening of them, not only for annual averages from place 
| to place but also for the seasonal averages at the same place. 
| But it is to the amounts and directions of the gradients of air 
| pressure that we owe the general rain-fall conditions, and it is 
| to these long period oscillations of air pressure that we owe 
| the simultaneous long oscillations of rain-fall. We need, how- 
ever, a similar comparison for other portions of the globe 
q before these relations can be said to be completely proven to 
i have a general applicability. 

] Temperature.—The much more intimate temporary relations 
i which exists between air pressure and temperature than be- 


| 
| 
| 
| 
| . 
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tween pressure and rainfall leads us to confidently expect that 
the long period relations of the former will be more readily 
recognized than those just found for the latter. For the tem- 
perature oscillations Briickner has computed lustra means for 
— places in 22 extended regions, and he has also made use 
of Képpen’s data for 29 regions. The observations used do 
not extend much back of the beginning of the present century, 
except for a very limited number of places, and in nearly all 
cases they are for the northern hemisphere. 

These investigations give the following periods of relative 
heat and cold: 


K6éppen. Briickner. 
1806-1820 1806-1820 
1836-1850 Cold ............ 1836-1850 


Only 5 per cent of the material used by Koppen and 8 per 
cent of that used by Briickner showed the opposite relation to 
the ones given; but perhaps 15 per cent gave no definite re- 
sults the one way or the other. The following table shows the 
amounts of excess (+) and deficiency (—) of temperature re- 
ferred to the average temperature as determined by many 
years of observation. 


| 1821-25. 1836-40. 1866-70. 1821-25. 1836-40. 1866-70. 


Tropics _........-- +342 (—"10°),  +:20°| —-05°| (—-09°) 
Sub-tropics .......- | +66 | —40 | +°10 || +°59  (+°03) 
Warm temperate... +°49 —56 +°21 4°37 


Cold temperate... .. | | | +140 +14 


sub-Arctic +°81 | +°37 +69 —'23 +19 


In the first half of the table are the actual differences of the 
lustra averages from the mean; and when these maxima and 
minima are determined by taking into account the values for 
the lustra on either side, the amounts are somewhat dimin- 
ished ; these are given in the last half of the table. For the 
average of the whole earth (so far as observed at the various 
dates) the times and relative amounts of the maxima and 
minima are : 


We see, then, that the amount of change in temperature dur- 
ing the 36 years period of oscillation is about 1° C. or nearly 


1836-40. _........... 

1881-85............. —°08 
v 
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2° Fahrenheit. For Central Europe this would mean a dis- 
placement of isotherms by a distance of 3° latitude, or about 
200 miles, during the time of oscillation; and this is no incon- 
siderable climatic change, for it places the temperature of the 
lowest period at Riga equal to the coldest at Kénigsberg. 

We have next to consider the climatic oscillations as shown 
for northern Euro-Asia by the duration of time when the 
waters (rivers) are free from ice, and the dates of their becom- 
ing free from ice in the spring; the secular oscillations of the 
dates of the grape harvest for Central Europe, and the cold 
winters of which we have records. The following table gives 
the deviations, at the times of maxima and minima, in days, 
from the average for 1816-80, of the lustra periods of the 
days free from ice, the averages being smoothed out; the 
negative sign denoting the colder periods: 


These data refer to the average of the observations in Euro- 
Asia and for a short period for the Hudson River. 

Briickner gives the corrections in days to reduce the dates 
of breaking up of the ice to the average for 1816-1880 for the 
separate regions, but does not seem to have been able to unite 
them in an average. Rykatschew’s great memoir on the open- 
ing and closing of the rivers of Russia and Siberia serves as 
the chief basis of this research on the ice conditions. On the 
average the difference in the number of days free from ice 
between the cold periods and the warm periods amounted to 
about 16 days for Siberia, 18 days for Central Russia, 25 to 32 
days for W. and S. W. Russia respectively, and 24 days for the 
Hudson River. The dates for breaking up of winter ice 
varied about half these amounts for these ‘Karo-Asiatic regions. 

The record of the dates of the time of the grape harvest in 
France, South Germany and Switzerland extends back for 
several hundred years, and the material has been used to deter- 
mine the forwardness and backwardness of the seasons which 
are to a certain extent representative of the character of the 
year. The data used by Briickner extend back to the year 
1496. There are regular oscillations from early to late har- 
vests and these periods obtained from smoothed out data are 
given in the following table: 

Early harvest. Late harvest. Early harvest. Late harvest. 
1501-05 1511-15 1681-85 1696-1700 
1521-25 1546-50 1725-30 1741-45 
1555-50 1566-70 - 1756-60 1766-70 
1536-90 1591-95 1781-85 1816-20 
1601-05 1626-30 1826-30 1851-55 


1636-40 1646-50 1866-70 1886-88 
1656-60 1671-75 


Chemistry and Physics. 151 


While for single years the amount of variation in the time 
of grape harvest may vary by many days, and for the five years 
lustra reaches even three weeks, yet for the smoothed out 
lustra averages the extremes are about a week earlier than the 
average for the minima and a week later for the maxima times 
of harvest. A comparison of these periods with similar periods 
of rain-fall and temperature shows that in general the early har- 
vest period is identical with that of high temperature and small 
rain-fall, and conversely the times of late harvest and low tem- 
perature and excessive rain-fall occur together. By means of 
the recorded dates of the grape harvest it is possible therefore 
to trace back to about the year 1400 for Central Europe the 

eriods of warmth and dryness, and cold and excessive wetness. 
he relation to the glacier changes are still closer. 

The occurrences of severe winters have been catalogued still 
further back, and Briickner commences his list (using that of 
Pilgram) with the year 800, but thinks that the records before 
the year 1000 are of little value. He finds finally that for the 
period 1020 to 1190, there exists a 34 years oscillation; from 
1190 to 1370, a 36 years period ; from 1370 to 1545, a 35 years 
period ; from 1545 to 1715, a 34 years period; and from 1715 
to 1890, a 35 years period. 

An average time of about 35 years is, then, found to inter- 
vene between one period of excess or deficiency of heat and 
the next, with the opposite relative condition of moisture 
accompanying ; and this shows itself in all of the various data 
and methods which have been used in considering the question. 

Princeton, N. J., Dec. 1890. 


SCIENTIFIC INTELLIGENCE. 


I. CHEMISTRY AND PuysICcs. 


1. On the Law of Osmotic in applying 
the general conditions of thermodynamic equilibrium to the case 
of a dilute solution separated from the pure solvent by a mem- 
brane which allows only the solvent itself to pass and not the dis- 
solved substance, finds that when equilibrium results, there must 
exist on the side of the solution a greater hydrostatic pressure 
than on the side of the solvent. And moreover, that this neces- 
sary pressure-difference increases proportionally with the number 
of dissolved molecules in a unit of volume and with the absolute 
temperature ; the factor of proportionality being the same as for 
gases. But this is the law of osmotic pressure as originally stated 
and experimentally established by van’t Hoff. So that chis law 
now appears as a direct consequence of the fundamental princi- 
ples of thermodynamics; and not only the law itself, but also all 
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the conclusions legitimately drawn from it, may be considered to 
have the same accuracy as the thermodynamic basis npon which 
they rest.—Zeitschr. Physikal. Chem., vi, 187, Aug. 1890. 

G. F. B. 

2. On an Osmotic Experiment.—The following osmotic experi- 
ment has been suggested by Nernst. If two solutions of benzene 
in ether are separated by a water-layer, this layer must evidently 
act as a semi-transmitting partition, for the reason that the ether 
only is markedly dissolved by the water and can therefore diffuse 
through it, the benzene not having this power. A diffusion-cur- 
rent must necessarily be set up in consequence, provided the con- 
centration of the two benzene solutions is different. Evidently if 
the two solutions are isosmotic, the ether will dissolve into the 
water-layer equally from both sides, according to the law of its 
solubility, and hence no transferrence of the ether will take place 
through the separating layer. But if the number of dissolved 
molecules in the two solutions is different, the solution with less 
osmotic pressure will have a greater solubility in the water than 
the other; the direct consequence of which will be a fall of con- 
centration of the ether in the intermediate layer and a consequent 
diffusion, transferring ether from the more dilute to the more con- 
centrated solution. At the same time, the separating partition 
will be subjected to an excess of pressure in one direction, which 
excess is the difference of the osmotic pressures of the two solu- 
tions. The author has experimentally verified these conclusions, 
fixing the water-layer by means of an animal membrane, tied over 
the mouth of a funnel. With an 8 per cent solution of benzene 
in ether within the funnel and ether alone upon the outside, a 
rise of from 5 to 10 cm. in an hour was observed, the flow con- 
tinuing until the height of the column was over a meter. Nernst 
believes that osmotic phenomena in plants are accomplished in a 
similar way by the selective solubility of liquid separating layers. 
—Zeitschr. Physikal. Chem., vi, 37, Aug. 1890; Ber. Berl. Chem. 
Ges., xxiii, Ref. 620, Nov. 1890. G. F. B. 

3. On Determinations of Molecular Mass by means of Solid 
Solutions,—Raoult’s law of the reduction of the freezing point of 
solutions by dissolved substances has now been satisfactorily 
established for eighteen different solvents; and in consequence 
the law of Avogadro must also hold true for these substances. 
Certain exceptions, however, have been noticed ; and van’r Horr 
supposes these to be due to the fact that the crystals which sepa- 
rate are not the pure solvent but a solid solution of the dissolved 
substance in the solvent. Examples of solid solutions are isomor- 
phous mixtures, amorphous solutions such as glass, hydrogenized 
palladium, etc. In these solutions, diffusion goes on as in liquids; 
double decomposition taking place in solids under pressure, glass 
acting as an electrolyte, carbon diffusing through iron and 
porcelain. So that there is osmotic pressure in solids; and if 
this is kinetic, the laws of gaseous and liquid diffusion will apply 
here, and the osmotic pressure should be proportional to the concen- 
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tration. This seems to be the case in the absorption of hydrogen 
by palladium, the gas being at first absorbed under a constant 
pressure of 225 mm. until 600 parts by volume have been taken 
up, producing Pd,H. After this the amount of hydrogen absorbed 
is proportional to the pressure. Again analogy with liquid solu- 
tions would lead us to expect a reduction in the vapor-pressure of 
a solid when it takes any other substance into solution; and we 
find that many isomorphous mixtures are more stable and do not 
effloresce as readily as their constituents. Moreover, this reduc- 
tion of the vapor pressure of a solid by the introduction of foreign 
material is of importance in considering the effect which the 
separation of a solid solution in place of the pure solvent has on 
the lowering of the fusing point. For since the freezing point of 
a solution is the point.at which the vapor-pressure of the solution 
and of the separating solid is the same, the smaller the vapor- 
pressure of the solid the higher will be the melting or freezing 
point of the solution. Hence the separation of a solid solution 
trom a solvent in place of the pure solvent, would make the fall 
in the freezing point too high or would cause too small a depres- 
sion of the freezing point. This occurs most often in those cases 
in which we might expect the formation of a solid solution from 
the union of solvent and dissolved substances as in a solution of 
metacresol and parabromophenol in phenol, of aldoxime in acetox- 
ime and of thiophene and pyridine in benzene. Evidently if the 
Raoult methods are applicable to solid solutions, these should be 
available for determining molecular mass. From the proportion- 
ality, for example, between the amount of hydrogen absorbed by 
palladium and the gas-pressure, it would seem that the conclusion 
that free hydrogen has the same molecular composition as that 
held in solution by palladium, is a rational one.—Zeitschr. Phys- 
ikal. Chem., v, 322; J. Chem. Soc., viii, 1044, October, 1890. 
G. F. 

4. On the Properties of Liquid Chlorine.—Kwierscu has 
made an extended investigation upon the physical properties of 
liquefied chlorine. He finds that from its melting point, given by 
Olsewski at —102°, its pressure increases from 37°5 mm. of mer- 
cury at —88° to 560 mm. at —40°, its mean expansion-coefii- 
cient between these limits being 0°001409. At —33°6°, its vapor- 
pressure is 760 mms.; and this is therefore its boiling point. From 
this temperature to —10°, under a pressure of 2°63 atmospheres, 
its expansion-coeflicient is 0°001793. At 0°, its pressure is 3°66 
atmospheres and its coefficient of expansion is 0°001978. At 20°, 
the pressure is 6°62 atmospheres and its coefficient 0°002190. At 
60°, its pressure is 18°6 atmospheres and its coefficient 0-003460. 
At 100°, its pressure is 41°7 atmospheres and at 146°, its critical 
temperature, it is 93°5 atmospheres.— Lied. Ann., eclix, 100; Ber. 
Berl. Chem. Ges., xxxii, Ref. 629, November, 1890. G. F. B. 

5, On the Preparation of Chromium by means of Magnesium. 
—G.irzet has experimented successfully to obtain metallic 
chromium by reduction with magnesium, using for the purpose 
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the double chloride of chromium and potassium. This double 
chloride was prepared by reducing potassium dichromate with 
alcohol and hydrogen chloride, adding the necessary additional 
quantity of potassium chloride, filtering, evaporating to dryness 
and heating the mass until dehydrated. Double the necessary 
amount of magnesium, in the form of filings, was then added to 
the pulverized mass, that is 50 grams of filings to 260 of the 
double chloride, and the whole was placed in a Hessian crucible, 
covered and exposed to a high temperature in a wind-furnace, 
After cooling the mass was treated first with water to remove the 
potassium and the magnesium chlorides, and then after decanta- 
tion, with dilute nitric acid to remove the excess of magnesium. 
The chromium which remained undissolved weighed after drying 
on the water bath 27 grams. It could not be collected on a 
filter, since it was so finely divided as to run through. It was a 
bright gray powder appearing as white or yellowish-white 
crystals under the microscope, having a metallic luster. Rubbed 
in an agate mortar it gave a streak resembling lead. At 16°, its 
relative mass was 6°7284. A powerful steel magnet was without 
action on it. It fused only in a Deville’s blast-furnace, giving a 
mass having a silver-white fracture. Analysis showed it to con- 
tain 99°57 per cent chromium.— Ber. Berl. Chem. Ges., xxiii, 
3127, November, 1890. G. F. B. 

6. On the Production of Urea from Albumin.—The attempts 
which have been made to obtain urea by the oxidation of albu- 
min, have given no positive result. DrxcHseL now shows that 
when casein is boiled with concentrated hydrochloric acid and 
stannous chloride, a base is produced having the formula 
C,H,,N,O, and which he calls lysatine. This on boiling with 
baryta water, affords urea. Hence he regards the lysatine and 
of course the urea from it, as due not to an oxidation but to a 
hydrolysation of the albuminate.—Ber. Berl. Chem. Ges., xxiii, 
3096, October, 1890. G. F. B. 

7. On Azoimide or Hydrazoie acid--A remarkable compound 
of nitrogen and hydrogen N,H has been discovered by Curtivus, 
which bears a striking analogy to the haloid acids and is theo- 
retically formed by the action of nitrous acid upon diamide, as 
nitrogen is by its action upon ammonia. In the latter case the 
reaction is 

NH,Cl+ NaNO,=N, +(H,O), + NaCl 


while in the case of diamide it is 
N,H,HCl+NaNO,=N,H + (H,O),+NaCl. 


In fact, however, the production of the new substance is much 
less direct. By the action of diamide hydrate upon benzoylgly- 
collic ether, or upon hippuric ether, benzoyl diamide or hippuryl 
diamide is produced. By the action of sodium nitrite upon ben- 
zoyl diamide, benzoy! azoimide is obtained; and this on boiling 
with sodium hydrate gives sodium azoimide, 
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4 (NaOH), = C,H,COO Na + NaN“ 


By the action of an acid upon this, hydrogen azoimide HNG | or 
N 
hydrazoic acid (stickstoff-wasserstoffsiure) results. The action of 
sodium nitrite upon hippuryl diamide gives nitroso-hippuryl dia- 
mide; and this on boiling with acids or alkalies gives hippuric 
and hydrazoic acids, The new substance hydrazoic acid, is a gas 
having a peculiar and intensely pungent odor, producing even 
when dilute, pain in the head and dizziness, and causing inflam- 
mation of the mucous membrane of the air passages. In aqueous 
solution it corrodes the skin. It is a strong monobasic acid 
recalling closely hydrochloric acid. It is readily soluble in 
water; and on heating the solution, gas at first escapes and then 
a concentrated aqueous acid distills over between 90° and 100°, 
containing 27 per cent of HN, This aqueous acid has the odor 
of the gas, reddens litmus paper strongly and produces white 
fumes with ammonia. A seven per cent solution dissolves iron, 
zinc, copper, aluminum and magnesium with active evolution of 
hydrogen; and the concentrated acid appears even to attack 
old and silver, since it is colored red in contact with these 
metals. Silver nitrate and mercurous nitrate give precipitates 
of silver and mercurous nitride, AgN, and Hg,(N,),. Both the 
acid and its salts are fearfully explosive; two c. c. of a 27 per 
cent acid detonated with great force while being sealed and blew 
the tube to dust.— Ber. Berl. Chem. Ges., xxiii, 3023, Oct., 1890. 
G. F. B. 

8. New Method of obtaining the Compressibility and Dilata- 
tion of Gases.—E. H. Amacar describes an apparatus by means 
of which he has been able to study this subject up to the tem- 
perature of 200° C. and to a superior limit of pressure equal to 
100 atmospheres. Results are given for oxygen, hydrogen, ozone 
and air. The coefficient of dilatation for hydrogen diminishes 
regularly when the pressure increases. For ozone, oxygen and 
air, it passes through a maximum which, at the ‘limit, corres- 
ponds to the pressure for which the pressure multiplied by the 
volume is a minimum. 
dp 
dt 
temperature. Air and ozone approximate to the behavior of hydro- 
gen. This latter gas appears to attain a limiting state, towards 
which the other gases converge when the temperature rises, 
Forms of the isothermals are referred to in this paper.— Comptes 
Rendus, p. 871, Dec. 8, 1890. i 

9. Mechanical equivalent of heat by method of heat radia- 
tion.—J. SanuLtKa has modified the ordinary lecture-room ap- 
paratus by means of which the heat developed by friction is 
shown, so that it can afford quantitative results. A revolving 


For hydrogen the values of 7 ~- are sensibly independent of the 
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hollow iron vessel is provided with another vessel closely fitting 
it. The latter constitutes a Prony friction brake. It is properly 
mounted with a scale pan at the end of a lever. The revolving 
vessel is filled with mercury and the friction of the inner iron 
vessel of the Prony brake against the revolving vessel raises the 
temperature of the mercury. The temperature of the mercary is 
raised to 30° higher than that of the room, and the rotation of 
the apparatus is so regulated as to maintain this heat constant. 
Thus the generation of heat is equal to the radiation into the 
room; a simple calculation gives as a value of the mechanical 
equivalent, J = 426, 262 mkg. with a mean error of each deter- 
mination of + 2°479. The apparatus is well calculated by its 
simplicity to take the place of the old form of demonstration 
apparatus.— Ann. der Physik, Nov. 12, 1890, pp. 748-755. 
10. Electrical waves in open circuit.—A. Etsas employes one 
Daniell cell, and hangs a telephone upon a continuation of a wire 
connected with one of the poles of this cell. The connection be- 
tween the poles of the battery is broken close to these poles by a 
peculiar current breaker. The telephone at the end of the wire 
gives a tone which depends upon the selfinduction and capacity 
of the wire upon which it is hung. Various modifications of this 
experiment are described. The telephone is employed in place 
of a Hertz resonator, to show waves on the wire of the open cir- 
cuit.—Ann. der Physik, Nov. 12, 1890, pp. 833-849. % T 
11. Electrical Waves.—H. Ernst Lecuer describes a new 
method of studying Hertz’s phenomena. Instead of a resonator 
of the type employed by the latter, a Geissler tube is used. 
Two parallel wires of known self-induction terminate at one end 
in condenser plates, which are charged in an oscillatory manner 
by a large Rubmkorf coil excited by storage cells. Upon the 
other ends of the parallel wires rests the Geissler tube. <A short 
wire is then slid along the parallel wires connecting them across 
like a bridge between two parallel wires on a sonometer. At 
certain definite points the Geissler tube glows, and the wave 
lengths of the electrical oscillations can thus be measured. 
Lecher finds that the velocity of electricity in metallic wires is 
that of the velocity of light. He points out a slight inaccuracy 
in Hertz’s work.— Ann. der Physik, Nov. 12, 1890, pp. 850-870. 
J. T. 
12. Electrical Gyroscope designed for rectification of the 
mariner’s Compass.—A smail electrical motor sets in action a 
gyroscope ; advantage is taken of the invariability of the plane of 
rotation at definite positions in latitude and longitude, to correct 
for the deviation of the mariner’s compass. The instrument is 
provided with a small astronomical telescope for observations on 
the stars. The apparatus is the invention of M. G. Trouvé.— 
Comptes Rendus, p. 913, Dec. 15, 1890. 5. % 
13. On the periodicity of the Aurora ; by M. A. VEEDER (com- 
municated).—-If the numbers of stations reporting auroras daily 
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in the Monthly Weather Review, or any similar publication, are 
arranged in periods of twenty-seven days, six hours, and fort 
minutes, so that corresponding days of the successive periods fall 
in the same vertical columns, it will be found that the larger 
numbers showing increased prevalence of the aurora are grouped 
together as a rule, indicating the existence of a periodicity 
at this interval, which corresponds to the most generally ac- 
cepted value for a synodic revolution of the sun. The succes- 
sion of larger numbers in the same vertical columns is generally 
interrupted near full moon, seemingly because of moonlight, so 
that the track of the moon can be traced, extending diagonally 
across tables constructed in this way. Aside from these breaks 
the periodicity is at times clearly apparent for years in succession. 
The six hours, or one-quarter day, may be provided for by adding 
a day to each fourth period, and the forty minutes or one thirty- 
sixth of a day by adding a day to each thirty-sixth period. 


Lyons, N. Y., Jan. 16, 1891. 


IL GroLtogy AND MINERALOGY. 


1. Ninth Annual Report of the United States Geological Sur- 
vey to the Secretary of the Interior, 1887-88, by J. W. Powe t, 
Director. Washington, 1889. The opening pages (1-44) of this 
volume give the Report of the Director, indicating the progress 
made during the year in the various departments ; this is tollowed 
(49-154) by administrative reports by the heads of divisions. 
The bulk of the volume is given to four long and valuable papers: 
(1) pp. 209-528 by Capt. Dutton on the Charleston Earthquake 
of Aug. 31, 1886; (2) pp. 537-610 by Prof. Shaler on the geology 
of Cape Ann, Mass.; (3) pp. 619-676 by W. H. Weed, on the 
formation of travertine and siliceous sinter by the vegetation of 
hot springs (specially noticed below); (4) by Dr. C. A. White on 
the geology and physiography of a portion of northwestern Colo- 
rado and adjacent parts of Utah and Wyoming. The discussion 
of the Charleston earthquake by Capt. Dutton is exhaustive and 
able, and the results of much value. The earthquake is remark- 
able as one of great severity, taking place independently of any 
region of volcanic activity. The conditions existiug for obtain- 
ing a full record, over the country involved, of the time, duration 
and effects of the earthquake were on the whole unusually favora- 
ble, and the energetic action of several gentlemen connected with 
Survey, aided by Mr. Earle Sloan and others of Charleston, has 
resulted in the accumulation of a large amount of material, em- 
bracing no loss than 4,000 reports from 1,600 localities. The de- 
tailed descriptions of the phenomena observed are supplemented 
by independent and graphic accounts by three observers in 
Charleston, Messrs. McKinley and Fisher, and Dr. Manigault. A 
large number of full page illustrations from photographs give a 
striking impression of the damage done. 
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The chief scientific result from the study of the earthquake, as 
has indeed been already discussed in this Journal (vol. xxxv,(1, 
1888), is the conclusion as to the speed of propagation of the 
earthquake-wave, the result being 3°226+-0°147 miles, or 5192+ 

_ 236 meters per second. This velocity is not only entitled to much 
greater weight than results obtained in connection with similar 
phenomena elsewhere, but, further, it agrees closely with the cal- 
culated rate of propagation of a wave in an elastic, nearly homo- 
geneous, solid medium of materials corresponding to those here 
involved. Capt. Dutton’s chapter upon the nature and mechan- 
ism of wave motion is an excellent summary of the subject. As 
exhibited on plate xxvi, there were found to be two epicentral re- 
gions near Charleston, one 15 miles northwest near Woodstock, 
about which the isoseismals are nearly circular; the other to the 
south of this and 12 miles west of Charleston, on Rantowles 
Creek, with oval isoseismals, the major axis extending toward 
Woodstock. At the former center, the deduced depth of the 
focus is 12 miles, with a probable error of 2 miles; at the other 
the material for conclusion was less satisfactory, but the depth is 
made about 8 miles. Plate xxix gives the isoseismals over the 
whole country, extending from the Atlantic border to a little 
west of the Mississippi and north through the center of the Great 
Lakes. No definite conclusion is reached in regard to the nature 
of the forces which caused the disturbance. 

2. Formation of Travertine and siliceous Sinter by the Vege- 
tation of Hot Springs ; by WatTER Harvey WerEp.—This mono- 
graph accompanies the Ninth Annual Report of the U. S. 
Geological Survey (pp. 613-676), and has also been issued sepa- 
rately. The abundant growth of alge in hot springs has been 
noticed by many observers, but it has usually been heretofore re- 
garded as an interesting biological fact rather than a matter of 
any considerable chemical or geological significance. It is well 
known that some water plants abstract carbonate of lime from its 
solutions, and Cohn has shown that the growth of vegetation is a 
factor in the production of travertine at Carlsbad. Beginning 
with a study of the deposits about the hot springs in Yellowstone 
Park, Mr. Weed shows that plant life is an important factor in 
the deposition of the travertines, tufas and sinters from calcareous 
waters, and that some of the more striking physical appearances 
of these deposits are due to alge. Of even more chemical and 
geological interest is the connection he shows between the depo- 
sition of siliceous sinter from alkaline hot waters and plant 
growth. Alge in great abundance and of varied and often bril- 
_liant colors are found on and in the forming sinter about the hot 
springs in various parts of the world. Such deposits are espe- 
cially extensive in Yellowstone Park, covering many square miles. 
Heretofore, the separation of silica from hot solution about geysers 
and hot springs has been supposed to be due to purely chemical 
and physical causes, to relie! from pressure, cooling, evaporation, 
and chemical reaction. Mr. Weed shows, that much of the silica 
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{and what proportion it is impossible to determine) is eliminated 
from solution by the vital action of alge, and that algex are an 
essential factor in producing many of the varied and beautiful 
forms of the deposits in the Park. The fretted rims of the pools, 
the coral-like and mushroom-like deposits, the “‘marble terraces” 
and “‘ petrified waterfalls” owe their physical characters, in part, 
at least, to vegetable growth. The evidence seems conclusive, 
and the author reviews the literature relating to hot springs in 
various parts of the world, and deduces the inference that much 
of the deposits about them, both calcareous or siliceous, are pro- 
duced in the same way. The writer of this note has seen several 
cases of both kinds of deposition, in each case accompanied with 
algous growth, then considered an effect rather than a cause. The 
most considerable was.at the Steamboat Springs in Nevada, where, 
upon the enormous mass of growing sinter there was an abun- 
dant growth of minute alge of various and often brilliant colors, 
flourishing luxuriantly in the warm gelatinous silica, the effect 
made the more striking by a fierce snow storm which was raging. 
Mr. Weed’s conclusions are that plant-life is a very wide spread 
and important agent in the production of travertine, tufas and 
sinters. This is the more interesting, because within a few years 
researches on the chemical functions of other low vegetable organ- 
isms have shown that natural changes formerly supposed to be 
due to purely chemical action are in reality dependent on vital or 
physiological action in some way. Vitrification in soils, the de- 
composition of suiphates in brackish waters are illustrations, and 
Mr. Weed’s observation extends our knowledge of the part that 
vital action plays as a geological agent. W. H. B. 

3. Geological Survey of Illinois, A. H. Wortuen, Director. 
Vol. viii. Geology and Paleontology. 728 pp., 8vo, with an 
Appendix of 152 additional pages. Illustrated by a portrait of 
the distinguished head of the Survey (who died in May, 1888), 
and a small geological map of the State; and also, under separate 
covers, 78 lithographic plates of fossils. Edited by J. Lin- 
dahl, Ph.D., State Geologist.—This volume completes the very 
valuable series of reports of the Geological Survey of Illinois. 
The series is second, among the State Geological reports of the 
country, in the extent of its paleontological contributions, and 
first, in the part of the paleontology relating to the Carboniferous 
limestones. It contains, after an introduction by Mr. Lindahl, 
chapters on the following subjects—(1) the Drift of Illinois, its 
Coal, Natural Gas and Oil, and some fossil Invertebrates, by A. 
H. WorrHEN, papers that were left unpublished by their author; 
(2) new species of Crinoids and Blastoids from the Kinderhook 
group of the Lower Carboniferous rocks at Le Grand, Iowa, and 
a new genus from the Niagara group of Western Tennessee, by 
Cuartes WacusmMuTa and Frank Springer; (3) American 
Paleozoic Sponges, Sponges of the Devonian and Carboniferous 
systems, and Paleozoic Bryozoa, by C. E. Uric; (4) Descrip- 
tions of Lower Silurian Sponges, by E. O. Utricw and OLiIver 
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Everett. The Appendix consists of a memoir of Prof. Worthen, 
by N. W. Bliss and C. A. White, with the portrait mentioned 
above, and a general Index to the whole series of eight volumes, 
which covers 112 pages. The excellent plates of fossils are largely 
from drawings by Charles K. Worthen, son of the director. 

4, The Geological Society of America held its second annual 
meeting on Dec. 29th, 30th and 31st. There were almost 70 
Fellows present, including representatives from Canada, New 
Mexico, Texas, Dakota and nearly all of the intermediate States. 
Fifty-two papers were placed on the programme and forty of 
them were read. The Society worked very hard, sessions being 
held in the evenings of the 29th and 30th. 

The condition of the Society is very satisfactory; there are 
now 202 Fellows on the roll; the first volume of the Bulletin, 
published last year, contains 605 pages with 13 plates and 51 
maps and figures. The permanent fund already amounts to 
2,000 dollars and the Society has in hand rather more than 1,000 
dollars with which to begin the work of the new year. The 
Society has given good proof of necessity for its existence, not 
only by affording an opportunity for publication of memoirs but 
especially by bringing geologists together and enabling them to 
present views to each other in person, Already many misunder- 
standings have been changed into understandings; and the excel- 
lent results of the meetings are binding geologists together. 

The new officers are President, Alex. Winchell; Vice- Presidents, 
G. K. Gilbert and T. C. Chamberlin ; Secretary, H. L. Fairchild ; 
Treasurer, H. S. Williams; Councillors, G. M. Dawson, J. C. 
Branner, C. H. Hitchcock, E. W. Claypole, I. C. White, J. J. 
Stevenson ; Editor, W J McGee. 

5. Geology of the Marquette Iron Region: A Correction by 
T. B. Brooxs (communicated).—In my Survey of the Marquette 
Iron Region (Geology of Michigan, 1873, vol. i, p. 130) I state: 
“ Near the center of U.S. linear survey, Section 25, at the west 
end of Lake Michigamme, is a large mass, probably a ledge, of 
light gray quartzite, which may fill, in part at least, what appears 
to be a blank between the anthophyllitic schist constituting bed 
XVII and the mica schist (containing garnets, andalusite and 
staurolite) constituting bed XIX just described. The number 
XVIII is provisionally attached to this quartzite.” 

Want of time and means prevented further investigation during 
the survey. Last summer I found this quartzite (now in open 
fields instead of dense forest) to be boulders and probably drift. 
Although my stratigraphical work has been ignored by one and 
severely criticized by another geologist, who have since then worked 
in this part of the Lake Superior region, I believe that it will in 
the main stand and may yet prove a piece of fairly good work 
for its time, especially as my work was purely economic and 
industrial in its aim. This is a mass of metamorphosed crys- 
talline strata so twisted, broken and faulted as to have been very 
difficult to make out in the then condition of the country. 


Munich, Germany, Dec. 17, 1890. 
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6. On Harmotome from the vicinity of Port Arthur, On- 
tario ; by W. F. Ferrier, (communicated by permission of the 
Director of the Geol. Survey of Canada).—The specimen of 
harmotome to be described was obtained in 1887 by Dr. A. C. 
Lawson, in the Thunder Bay District, Lake Superior. In the 
absence of Dr. Lawson, the precise locality is not known at 
present, but it came from one of the mines in the immediate 
vicinity of Rabbit Mountain (about 22 miles west-south-west of 
Port Arthur), and, probably from the Rabbit Mountain Mine. ~ 
The crystallized minerals here fill vugs in true fissure veins 
which cut the black argillites of the Animikie. On joining this 
Department it devolved upon the writer to look over the speci- 
mens collected by Dr. Lawson and it was in so doing that this 
specimen was found. The form of the crystals first attracted 
attention and qualitative tests proved that barium was present 
in considerable quantity ; a further blow-pipe examination proved 
that the mineral was harmotome. 

The crystals are double twins in which each individual is 
twinned parallel to the base, and these two simple twins again 
united in a double penetration-twin or fourling, with the clino- 
dome as the twinning plane. These fourlings belong, as shown 
by the striz on the crystal faces, to Streng’s first type* in which 
the simple twins are shortened in the direction of the vertical 
axis. They are for the most part implanted on regular'prisms of 
calcite, terminated by the rhombohedron —42, some of which 
measure 4cm. in the direction of the vertical axis, and 8mm. in 
that of the horizontal axis. The largest harmotome twin crystal 
on the specimen was 4mm. long and Imm. in width. The crystals 
are white, and vary from subtransparent to translucent. The 
faces are rough, but some of them show the characteristic stria- 
tions with much perfection. 

Drusy quartz with an amethystine tinge of color forms the base 
on which the calcite crystals are implanted, and purple fluorite is 
also intimately associated with these minerals. Pyrite, in aggre- 
gations and isolated cubes and octahedrons, is sprinkled over the 
other minerals, and there is also present another sulphide, in 
minute tufts of acicular crystals, which may be millerite, but the 
material available was not sufficient for a satisfactory determina- 
tion. The only other localities for harmotome in North America 
which have come under the writer’s notice are those of Sing 
Sing in New York State, and the upper end of New York Island, 
where it was found in seams in the gneiss at the excavations for 
the 4th Avenue tunnel,t 1875. 

7. Long Island Sound in the Quaternary Era; by J. D. 
Dana. Hrratum.—In the number ot this Journal for December, 
1890, page 436, line 22 from top, for eastward read westward, and 
line 24 from top, for westward read eastward. 


Geol. Survey of Canada, Ottawa, Dec. 27th 1890. 


* See “‘ Elemente der Mineralogie,” Naumann-Zirkel, 12th Ed., p. 717, fig. 2. 
+See “Text Book of Mineralogy,” E. S. Dana, pp. 346, 482, 1883. 
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III. Botany. 


1. Neue Untersuchungen wher den Blithenanschluss ; by 
Kari Scuumann. Leipzig, 1890. (Wm. Engelmann).—In no 
department of botanical research are methods changing more 
rapidly than in morphology. While classification, anatomy, and 
physiology have made, in the last twenty years, unprecedented 
progress, the advance has been in most instances the result of the 
gradual extension and perfection of methods previously employed. 
In morphology on the other hand, not only have the methods 
been thoroughly revised, but the point of view, from which the 
entire subject is regarded, has been radically altered. This 
change is due not merely to an increasing preference for onto- 
genetic proofs over the much more vague arguments from phy- 
logeny, but especially to a thorough realization that accurate 
knowledge can only be obtained by observing facts as they are, 
before attempting to force them into preconceived categories—a 
general truth, which, however self-evident, has until recently 
been sadly disregarded in the realm of vegetable morphology. 
In its vigorous attempt to avoid the defective methods of the 
past, Dr. Schumann’s carefully prepared work merits high com- 
mendation. Its subject, the morphological relation of the flower 
to the neighboring vegetative parts of the plant, may at first 
seem technical, and of narrow scope for a treatment so extended 
(520 pages). But the satisfactory solution of the questions to be 
considered requires an accurate knowledge of both floral and 
vegetative members of plants, and involves a critical review of 
the most important parts of morphology. 

Although Eichler, Schwendener, Goebel, and others have given 
much attention to the morphological attachment of the flower, 
and have examined a great number of particular cases, Dr. 
Schumann’s work is the first exhaustive treatment of the subject, 
and will without doubt become a recognized standard in this de- 
partment of morphology. In the opening pages of his book he 
considers the previous investigations of his subject and gives a 
number of clear and reasonable criticisms upon the more impor- 
tant theories; then follow the results of his own investigations, 
which have been confined to the angiosperms. The plants treated 
are conveniently grouped according to certain morphological 
similarities, rather than their systematic affinities. Among the 
monocotyledons, the grasses and sedges receive the most atten- 
tion; among the dicotyledons, the treatment of the Rubiacee 
is perhaps especially full. In the closing pages of the work the 
results derived from particular cases are collected and thrown 
into a more general form. Even the briefest summary of these 
results would exceed the limits of the present review ; suffice it 
to say in general, that they confirm and elaborate the theory of 
Schwendener, that purely mechanical influences outweigh all 
others in determining the early development of plant-members, 
whether foliar, floral, or axial. The work is excellently illus- 
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trated by 10 plates, containing together 250 figures, chiefly of 
very early stages in the development of flowers and floral axes. 
It is worthy of mention that Dr. Schumann in his capacity of 
Curator of the Botanical Museum of Berlin has had unlimited 
access to the excellent botanic garden of that city, and has thus 
been enabled to examine much rare material, never before inves- 
tigated from the present point of view. B. L. R. 

2. Plante Europee, Enumeratio systematica et synonymica 
plantarum phanerogamicarum in Europa sponte crescentium vel 
mere inguilinarum ; by Dr. K. Ricarer. Leipzig, 1890. (Wm. 
Engelmann).—Volume I of this complete index of European 
flowering plants forms an octavo of nearly 400 pages, and in- 
cludes the gymnosperms and monocotyledons. In the arrange- 
ment of the orders and genera, it follows, without exception, 
Engler and Prantl’s Natirliche Pjlanzenfamilien ; while the 
species are systematically arranged according to the best mono- 
graphs. It scarcely need be said, that the only satisfactory test 
of such an index is long and frequent reference to it, in connec- 
tion with systematic botanical work. In this way only does its 
accuracy or defects become apparent. So far, however, as it is 

ossible to judge, Dr. Richter’s work is in every way excellent. 
t certainly possesses many features, which will render it a most 
convenient work of reference not only for European botanists, 
but in botanical institutions, especially the larger herbaria, in all 
arts of the world. The value of the index is much increased 

y the fact, that the species within the genera are arranged ac- 
cording to their natural affinities, the subgenera being brietly 
indicated. To obviate any inconvenience from this arrangement 
an alphabetic list of all the species is appended at the close of 
the volume. The synonymy is given with much detail, the date 
and place of publication accompanying every name. The habitat 
of each species and variety is also indicated, and a full list of 
known hybrids is given at the end of each genus in which they 
occur. B. L, 

3. Notes on Corticium Oakesii, B. & C. and Michenera 
Artocreas, B. & C.; by Grorcx James Peirce. (Bull. of Torr. 
Bot. Club, vol. xvii, No. 12, Dec. 1890).—In a paper of ten pages 
Mr. Peirce describes the noteworthy peculiarities in the life- 
history of the two fungi above named. His very interesting 
observations upon the Corticiwm show that the basidia arise by 
a late modification in the development of some of the much- 
branched structures, which are called paraphyses. At other 
stages in the development of the fungus, some of these so-called 
paraphyses bear abundant conidial spores. The simple but more 
or less moniliform threads, which are occasionally found rising 
from the hymenium among the branched structures, are desig- 
nated as the “‘true paraphyses.” It is to be regretted that the 
statement of these facts lacks a certain clearness, which it might 
have possessed, if Mr. Peirce had defined at the outset the par- 
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ticular application of his terms, and avoided a double use of the 
word “ paraphysis.” The observations too, would seem to war- 
rant rather more wide-reaching conclusions than those drawn, 
since they have a very important bearing upon the whole question 
of apogamy among the Basidiomycetes. As a result of his study 
of the rare Michenera Artocreas, Mr. Peirce concludes that the 
flask-shaped spore-bearing cells are a normal form of fruit of this 
species, and not, as has been thought, the fruit of a parasite. 
Furthermore, although 1. Artocreas is not infrequently accom- 
panied by a Corticium-like fungus bearing basiospores, the latter 
have in no instance been observed upon mycelia clearly identified 
with the Michenera. The article closes with some details of 
methods found useful in the investigation. B. L. R. 

4. Recherches sur Vorigine morphologique du liber interne ; 
by Professor M. Lamounetre. (Ann. des Sciences nat. bot. VII, 
mf pp. 193-282, t. 11-13.)—The occurrence among the dicotyle- 
dons of anomalous bast in the pith has in recent years been 
demonstrated in a large number of plants of widely different 
systematic position, and the development, morphological relations, 
and physiological significance of this remarkable tissue have 
proved exceedingly inviting themes for investigation. As a 
result a considerable literature upon this subject has sprung up, 
and in the case of the morphological origin of the tissue in ques- 
tion, the views expressed have been widely diverse. A brief 
résumé of the chief opinions held may here be given, as it will 
better show the precise bearing of Professor Lamounette’s re- 
searches. 

From the accuracy with which these internal strands of bast 
follow the primary fibro-vascular bundles, and the structural 
identity which exists between the anomalous and normal bast, 
de Bary regarded the former tissue as belonging to the bundles in 
the same sense as the wood and normal bast, and applied the term 
“ bicollateral ” to this peculiar form of bundle. Petersen subse- 
quently examined a great number of plants with internal bast, 
confirming the opinion of de Bary, and arriving at the conclusion 
that this tissue arises, in common with the other parts of the 
bicollateral bundles, from the procambium. Herail, however, 
observed the significant fact that the internal bast develops in 
most if not all cases distinctly after the normally oriented tissues 
of the bundle. He infers therefore that it cannot be morpholog- 
ically equivalent to the outer bast, and discards on this account 
the term bicollateral bundle, except as applied in the single group 
of the Cucurbitacew, where, in his opinion, the correspondence 
between external and internal bast is much more complete than 
elsewhere. Dr. J. E. Weiss approaches the subject from a very 
different standpoint, in an attempt to prove that the anomalous 
strands of bast are nothing less than branches of the leaf-trace 
bundles, which enter the pith at the nodes. The paper* elabor- 


* Weiss, Das markstindige Gefissbiindelsystem einiger Dikotyledonen in seiner 
Beziehung zu den Blattspuren. Cassel, 1883. 
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ating this novel theory, although inaccurate in some minor 
details, is of much interest, since it shows the intimate connection, 
existing between the bast of the leaves and the anomalous bast 
of the mature stem; but it by no means solves the question 
whether the bast of the pith is developed from the original pro- 
cambium, or by the metamorphosis of some of the medullar 
cells. Very similar in this respect is R. Gérard’s article* on the 
changes of the tissues at the junction of the root and stem, 
in which he discusses several plants with internal bast, and finds 
that small bundles of sieve-tubes connect the anomalous and 
normal bast just where the root passes into the stem. 

In the work before us Professor Lamounette confirms in the 
main the results of Herail, but goes one step further, since he 
finds that even among the Cucurbitacee the internal bast clearly 
develops later than the external. Not only is this the case at 
the apex of the stem, and in the formation of the leaf-trace 
bundles, but also in the first appearance of the anomalous tissue 
in the hypocotyledonary axis. From this it appears that the so- 
called bicollateral bundles of the Cucurbitacee are no more 
uniform in their development than similar structures in other 
groups, and de Bary’s name for them is no more applicable here 
than elsewhere. This is but one of the results contained in 
Professor Lamounette’s article, since he has extended his re- 
searches to a large number of orders and has devoted special 
attenfion to the very early stages in the development of the 
tissue in question. His observations lead him to place the limit 
of the tissues derived from the procambium, just within the in- 
nermost of the primitive tracheal elements, which would show 
that the anomalous bast must arise from the division and special- 
ized development of cells which belong morphologically to the 
pith. This having been settled, it still remains important to 
ascertain whether the anomalous tissue stands in a primitive 
connection with the normally oriented bast i. e. whether it is, so 
to speak, merely a branch of the outer phloem system. Consid- 
ering the nature of sieve-tubes as conductive tissue, this would 
a priori appear highly probable. Professor Lamounette, how- 
ever, has made the surprising discovery that the internal bast, at 
the time of its first appearance, is entirely separate from the 
normal system. This certainly seems opposed to the views of 
Gérard, but the difference in results is probably due to the fact 
that the latter observer examined somewhat later stages in the 
development, where a connection between the outer and inner 
bast had already been formed. In the mature plant there 
can, of course, be no doubt that these tissues stand in more or 
less intimate communication, a fact demonstrated in very differ- 
ent ways by Fischer, Weiss, Gérard, and others. While Pro- 
fessor Lamounette’s results are without doubt accurate for the 
plants investigated by him, there is certainly one instance in 


* Ann. des sci. nat., 6th series, vol. xi, 1881. 
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literature,* in which anomalous internal bast arises in a very 
different way, being developed entirely secondarily, through the 
activity of a cambium, gradually extending itself inward at the 
nodes, and entering the pith through the gaps in the fibro-vascu- 
lar ring, which are left by the outgoing leaf-trace bundles. 

B. L. R. 

5. Die Gattung Phyllostylon und ihre Beziehungen zu Sam- 
aroceltis, (Oestr. bot. Zeitschr., Dec., 1890.)—Dr. P. Fauserr, 
the author of this short article, having been fortunate enough to 
obtain fruiting specimens of Phyllostylon Brasiliense Capan, 
finds that they correspond closely to plants upon which the new 
genus Samaroceltis has recently been founded. The conclusion 
is naturally drawn that the two genera must be united under the 
older name Phyllostylon. While studying these plants Drs. 
Taubert and Urban have discovered a Cuban form of Prytlostylon 
almost identical with a Paraguay species. This is an additional 
point in proving a relationship, which seems to exist between the 
flora of the West Indies and the southern United States on the 
one hand, and of Paraguay and the Argentine Republic on the 
other, a peculiarity of botanical geography for which no adequate 
explanation has as yet been offered. B. L. R. 

6. Hine Notiz tiber das Verhalten der Chlorophyllbdnder in 
den Zygoten der Spirogyraarten; by Vincent CuMIELEVSKY. 
(Bot. Zeit. 1890, viii, pp. 773—780).—Owing perhaps to the greater 
importance ascribed to the cell-nucleus, the conduct of the chloro- 
plaslids, during reproduction among the Conjugate, seems until 
now to have received but little attention. It has long been sup- 
posed that the chlorophyll-bodies of the two conjugating cells in 
some way unite, both contributing to the substance of the new 
ehloroplastid of the zygospore. In the interesting paper just 
named, the author shows that this idea is altogether unfounded. 
In the species of Spirogyra studied by him, the chloroplastid of 
the zygospore develops directly from that of the conjugating 
cell within which the spore is formed (female cell), while the 
chlorophyll of the other conjugating cell takes no part in this 
process, but gradually loses its color, disintegrates, and after 
remaining sometime in the spore as a minute mass of brownish 
pigment, finally disappears altogether. These facts add, as the 
author concludes, a striking argument for the theory that heredi- 
tary traits are transmitted entirely by the agency of the nuclei, 
the vegetative parts of the cells being, in this regard, entirely 
neutral. B. L. R. 


* Cf. Annales du Jard. bot. de Buitenzorg, vol. viii, pp. 102-111. 
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Art. XIX.—The gigantic Boy pe or horned Dinosaurs, 


of North America;* by O. C. Mars. (With Plates I-X.) 


Two years ago, at the Bath meeting of the Association, 
I had the honor to present to this section a paper in which I 
compared the principal known Dinosaurs of Europe with those 
of taint In this communication, I referred to some 
peculiar reptilian remains from the Gosau formation of Austria, 
and compared them with certain Laramie fossils from America, 
about which I hoped soon to have more definite information. 
As an indication of the rapidity with which knowledge of 
ancient life is advancing, it may interest you to know what 
has been learned, in two years, concerning this single group of 
the remarkable reptiles known as Dinosauria. This group, I 
have termed the Ceratopside, and I shall speak especially of 
the forms I have recently investigated, and hope to describe 
more fully later, under the auspices of the United States 
Geological Survey. 

The geological horizon of the Ceratopside, in America, is a 
distinct one in the upper Cretaceous, and has now been traced 
nearly eight hundred miles along the eastern flank of the 
Rocky Mountains. It is marked almost everywhere by 
remains of these reptiles, and hence I have called the strata 
containing them, the Ceratops beds. They are fresh-water or 
brackish deposits, which form a part of the so-called Laramie, 
but are below the uppermost beds referred to that group. 


* Read before Section C of the. British Association for the Advancement of 
Science, at the Leeds meeting, September 4, 1890. See also this Journal (3), vol. 
xxxvi, p. 477, December, 1888; vol. xxxvii, p. 334, April, 1889; vol. xxxviii, p. 
173, August, 1889, p. 501, December, 1889; and vol. xxxix, p. 81, January, 1890, 
p. 418, May, 1890. . 

+ Report of the British Association for the Advancement of Science for 1888, 
p. 660. London, 1889. Abstract, this Journal (3), vol. xxxvii, p. 323, April, 1889. 
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The fossils associated with the Ceratopside are mainly 
Dinosaurs, representing two or three orders, and several 
families. Plesiosaurs, crocodiles and turtles of Cretaceous 
types, and many smaller reptiles, have left their remains in 
the same deposits. Numerous small mammals, also of ancient 
types, a few birds, and many fishes, are likewise entombed in 
this formation. Invertebrate fossils and plants are not un- 
common in the same horizon. 


THE SKULL. 


The skull of Zriceratops, the best known genus of the 
family, has many remarkable features. First of all, its size, 
in the largest individuals, exceeds that of any land animal 
hitherto discovered, living or extinct, and is only surpassed by 
that of some of the Cetaceans. The skull represented natural 
size in two of the diagrams was that of a comparatively young 
animal, but is about six feet in length. The type specimen of 
Triceratops horridus was an old individual, and the head, 
when complete, must have been seven or eight feet in length. 
Two other skulls, nearly perfect, represented by life-size 
sketches, and several others from the same horizon, have 
almost equal dimensions.* 

Another striking feature of the skull is its armature. This 
consisted of a sharp, cutting beak in front; a strong horn on 
the nose; a pair of very large, pointed horns on the top of 
the head; and a row of sharp projections around the margin 
of the posterior crest. All these had a horny covering of 
great strength and power. For offense and defense, they formed 
together an armor for the head as complete as any known. 
This armature dominated the skull, and in a great measure, 
determined its form and structure. In some forms, the arma- 
ture extended over portions of the body. 

The skull itself is wedge-shaped in form, especially when 
seen from above. The facial portion is very narrow, and much 
prolonged in front. In the frontal region, the skull is massive 
and greatly strengthened to support the large and lofty horn- 
cores which formed the central feature of the armature. The 
huge, expanded, posterior crest, which overshadowed the back of 
the skull and neck, was evidently of secondary growth, a 
practical necessity for the attachment of the powerful liga- 
ments and muscles that supported the head (Plate I, figures 


1-4). 
The front part of the skull shows a very high degree of 
specialization, and the lower jaws have been modified in 


* The large diagrams shown when this paper was read are most of them 
represented by reduced figures in the accompanying Plates, I-X. 
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connection with it. In front of the premaxillaries, there is a 
large, massive bone not before seen in any vertebrate, which 
I have called the rostral bone (0s rostrale). It covers the 
anterior margin of the premaxillaries, and its sharp inferior 
edge is continuous with their lower border. This bone is 
much compressed, and its surface very rugose, showing that it 
was covered with a strong, horny beak. It is a dermal ossifica- 
tion, and corresponds to the pre-dentary bone below. 

The latter, in Z7riceratops, is also sharp and rugose, and like- 
wise was protected by a strong, horny covering. The two 
together closely resembles the beak of some of the turtles, and, 
as a whole, must have formed a most powerful weapon of 
offense. 

In one skull figured (Plate I, figures 1-2), the rostral bone 
was free, and was not secured. This was also true of the 
pre-dentary bone and the nasal horn-core. Hence, these parts 
are represented in outline, taken from another specimen in 
which they are all present, and in good preservation. In 
another skull represented (Plate I, figure 4, and Plate II, 
figures 1-3), the rostral bone and nasal horn-core are in 
position, and firmly codssified with the adjoining elements. 

The premaxillary bones are large, and much compressed 
transversely. Their inner surfaces are flat, and meet each 
other closely on the median line. In old specimens, they are 
firmly codssified with each other and with the rostral bone. 
Each sends upward a strong process to support the massive 
nasals. Another process, long and slender, extends upward 
and backward, forming a suture with the maxillary behind, 
and uniting in front with a descending branch of the nasal. 
The premaxillaries are much excavated externally for the 
narial aperture, and form its lower margin. They are entirely 
edentulous. 

The maxillaries are thick, massive bones of moderate size, 
and subtriangular in outline when seen from the side. Their 
front margin is bounded mainly by the premaxillaries. They 
meet the prefrontal and lachrymal above, and also the jugal. 
The alveolar border is narrow, and the teeth small, with only 
a single row in use at the same time. 

The nasal bones are large and massive, and greatly thickened 
anteriorly to support the nasal horn-core. In two of the skulls 
figured, these bones are separate, but in older individuals, they 
are firmly codssified with each other and with the frontals. 
The nasal horn-core ossifies from a separate centre, but in 
adult animals, it unites closely with the nasals, all traces of the 
connection being lost. It varies much in form in different 
species. 
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The frontal bones are quite short, and early unite with each 
other and with the adjoining elements, especially those behind 
them. The frontal or central region of the skull is thus 
greatly strengthened to support the enormous horn-cores which 
tower above. These elevations rest mainly on the postfrontal 
bones, but the supra-orbitals and the post-orbitals are also 
absorbed to form a solid foundation for the horn-cores. 

These horn-cores are hollow at the base (Plate I, figure 3), 
and in general form, position, and external texture, agree with 
the corresponding parts of the Bowde. They vary much in 
shape and size in different species. They were evidently 
covered with massive, pointed horns, forming most powerful 
and effective weapons. 

The orbit is at the base of the horn-core, and is surrounded, 
especially above, by a very thick margin. It is oval in outline, 
and of moderate size (Plate I, figure 1, 4). 

The postfrontal bones are very large, and meet each other 
on the median line. Posteriorly, they join the squamosals and 
the parietals. At their union with the ‘tier, there is a median 


foramen (Plate I, figure 3, z) which apparently corresponds to 
the so-called “ parietal foramen.”* In old individuals, it is 
nearly or quite closed. When open, it leads into a large sinus, 
extending above the brain-case into the cavities of the horn- 


cores. This foramen has not before been observed in Dinosaurs. 
The enormous posterior crest is formed mainly by the 
meet which meet the postfrontals immediately behind the 
orn-cores. The posterior margin is protected by a series of 
special ossifications, which, in life, had a thick horny covering. 
hese peculiar ossicles, which extend around the whole crest, 
I have called the epoccipital bones (Plate I, figures 1-4, ¢). 
In old animals, they are firmly codssified with the bones on 
which they rest. 

The lateral portions of the crest are formed by the squamosals, 
which meet the parietals in an open suture. Anteriorly, they 
join the postfrontal elements which form the base of the 

orn-core, and laterally, they unite with the jugals. The 
supra-temporal fosse lie between the squamosals and the 
parietals. 

The base of the skull has been modified in conformity with 
its upper surface. The basi-occipital is especially massive, and 
strong at every point. The occipital condyle is very large, and 
its articular face, nearly spherical, indicating great freedom of 
motion. The basi-occipital processes are short and stout. The 
basi-pterygoid processes are longer and less robust. 

* The name usually applied to this aperture is misleading, as in Chameleo and 


‘some other reptiles, the foramen is not in or near the parietal bones. It may 
more properly be called the ‘ pineal foramen.” 
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The foramen magnum is very small, scarcely one-half the 
diameter of the occipital condyle. The brain-cavity is especially 
diminutive, smaller in proportion to the skull than in any 
other known reptile. 

The exoccipitals are also robust, and firmly codssified with 
the basi-occipital. They form about three-fourths of the 
occipital condyle, as in some of the Chameleons. The supra- 
occipital is very small, and its external surface is excavated 
into deep cavities. It is codssitied late with the parietals 
above, and with the exoccipitals on the sides (Plate I, 
figure 2). 

The quadrate is robust, and its head much compressed. The 
latter is held firmly in a deep groove of the squamosal. The 
anterior wing of the quadrate is large and thin, and closely 
united with the broad blade of the pterygoid. 

The quadrato-jugal is a solid, compressed bone, uniting the 

uadrate with the large descending process of the jugal. In 
the genus Zriceratops, the quadrato-jugal does not unite with 
the squamosal. In Ceratops, which includes some of the 
smaller, less specialized forms of the family, the squamosal is 
firmly united to the quadrato-jugal by suture. 

The quadrato-jugal arch in this group is strong, and curves 
upward, the jugal uniting with the maxillary, not at its 
age extremity, but at its upper surface (Plate I, figure 1). 
This greatly strengthens the centre of the skull which supports 
the horn-cores, and also tends to modify materially the elements 
of the palate below. The pterygoids, in addition to their 
strong union with the quadrate, send outward a branch, which 
curves around the end of the maxillary. 

The palatine bones are much smaller than the pterygoids. 
They are vertical, curved plates, outside and in front of the 
pterygoids, and uniting iirmly with the maxillaries. The 
vomers join the pterygoids in front, where they appear as thin 
bones, dost applied to each other. ‘ 

The transverse bones give some support to the maxillaries, 
which are further strengthened by close union with the 
pterygoids. They meet the pterygoids behind, and the pala. 
tines in front. 

The lower jaw shows no specialization of great importance, 
with the exception of the pre-dentary bone already described. 
There is, however, a very massive coronoid process rising from 
the posterior - of the dentary (Plate I, figure 1). The 
articular, angular, and surangular bones, are all short and strong, 
but the splenial is very long and slender, extending to the 
ae trac The angle of the lower jaw projects but little 

hind the quadrate. 


‘ 
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THE BRAIN. 


The brain of Z7iceratops appears to have been smaller in 
proportion to the entire skull, than in any known vertebrate. 

The position of the brain in the skull does not correspond 
to the axis of the latter, the front being elevated at an angle of 
about thirty degrees (Plate II, figure 7). 

The brain-case is well ossified in front, and in old animals, 
there is a strong septum separating the olfactory lobes. 


TEETH OF TRICERATOPS. 


The teeth of Zriceratops and its near allies are very remark- 
able in having two distinct roots. This is true of both the 
upper and lower series. These roots are placed transversely in 
the jaw, and there is a separate cavity, more or less distinct, 
for each of them. One of these teeth from the upper jaw, 
represented by enlarged figures (Plate II, figures 8-11), and 
another tooth here exhibited, are typical of the group. 

The teeth form a single series only in each jaw. The upper 
and lower teeth are similar, but the grinding face is reversed, 
being on the inner side of the upper series, and on the outer 
side of the lower series. The sculptured surface in each series 
is on the opposite side from that in use. 

The teeth are not displaced vertically by their successors, 
but from the side. The crown of the young tooth, also with 
two strong roots, cuts its way between the alveolar margin and 
the adjacent root of the old tooth, sometimesadvancing between 
the two roots, as might be expected. 

The teeth in this family are entirely confined to the 
maxillary and dentary bones. The rostral bone, the premax- 
illaries, and the pre-dentary, are entirely edentulous. 


CERVICAL AND DoRSAL VERTEBRA. 


The atlas and axis of Ziiceratops are codssified with each 
other, and at least one other vertebra is firmly united with 
them. These form a solid mass, well adapted to support the 
enormous head (Plate III, figure 1). The cup for the occipital 
condyle is nearly round, and very deep. The rib of the second 
vertebra is coésified with it, but the third is usually free. The 
centrum of the fourth vertebra is free, and the remaining 
cervicals are of the same general form, all having their articular 
faces nearly flat (Plate III, figure 2). 

The anterior dorsal vertebree have very short centra, with 
flat articular ends, and resemble somewhat those of Stegosaurus, 
especially in the neural arch (Plate III, figures 3-4). 

The posterior trunk vertebre have also short, flat centra, 
but the diapophyses have faces for both the head and tubercle 
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of the ribs, as in Crocodiles, a feature not before seen in 
Dinosaurs (Plate ITI, figures 5-6). 


THE SAcRUM. 


The sacrum was strengthened by union of several vertebra, 
ten being codssified in one specimen of Zriceratops (Plate IV). 
The middle or true sacral vertebree have double transverse 
processes, diapophyses being present, and aiding in supporting 
the ilium. This character has been seen hitherto, in the 
Dinosauria, only in Ceratosaurus and some other Theropoda. 

The main support of the pelvis was borne by four vertebre, 
which evidently constituted the original sacrum. In front of 
these, two others have only simple processes, and apparently 
were once dorsals or lumbars. Three vertebree next behind 
the true sacrum have also single processes, and the fourth, or 
last of the series, has the rib process weak, and not reachin 
the ilium (Plate IV). Seen from the side, the sacrum is muc 
arched upward, and the neural spines of the true sacrum are 
firmly codssified. In the median region, the sacral vertebra 
have their centra much compressed, but the last of the series 
are widely expanded transversely. The whole appearance of 
the sacrum is remarkably avian. The neural canal of the 
sacral vertebree has no special enlargement, thus differing 
widely from that in Stegosaurus. 


THE CAUDAL VERTEBRA. 


The caudal vertebre are short, and the tail was of moderate 
length. The first caudal has the anterior face of the centrum 
concave vertically, but flat transversely, and a short, massive 
neural spine with expanded summit (Plate V, figures 1-3). 
In the median caudals, the centra have biconcave articular faces, 
and weak neural spines. The distal caudals are longer than 
wide, with the ends nearly round, and concave. 


THE SCAPULAR ARCH AND FoRE LImps. 


The scapula is massive, especially below. The shaft is long 
and narrow, with a thin edge in front, and a thick posterior 
margin above the glenoid fossa. The distal portion has a 
median external ridge, and a thick end (Plate VI, figure 1, sc). 

The coracoid is rather small, and in old individuals may 
become united to the scapula. It is sub-rhombic in outline, and 
is perforated by a large and well-defined foramen. No indica- 
tions of a sternum have yet been found in this group. 

The humerus ‘is large and robust, and similar in form to that 
of Stegosaurus. It is nearly as long as the femur in one 
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individual, proving that the animal walked on all four feet. 
The radius and ulna are comparatively short and stout, and the 
latter has a very large olecranon process. 

There were tive well-developed digits in the manus. The 
metacarpals are short and stout, with rugose extremities. The 
distal phalanges are broad and hoof-like, showing that the fore 
feet were distinctly ungulate (Plate IX, figures 1-6). 


THE PELVIS. 


The pelvis in this group is very characteristic, and the three 
bones, ilium, ischium, and pubis, all take a prominent part in 
forming the acetabulum. The relative size and position of 
these are shown in the diagram (Plate VII, figure 1), which 
represents the pelvic elements as nearly in the same plane as 
their form will allow, while retaining essentially their rela- 
tive position in life. 

The ilium is much elongated, and differs widely from that in 
any of the known groups of the Dinosauria. The portion in 
front of the acetabulum forms a broad, horizontal plate, which 
is continued backward over the acetabulum, and narrowed in 
the elongated, posterior extension. Seen from above, the ilium, 
as a whole, appears asa nearly horizontal, sigmoid plate. From 
the outside, as shown in the diagram, the edge of this broad 
plate is seen. 

The protuberance for the support of the pubis is com- 
paratively small, and elongated. The face for the ischium is 
much larger, and but little produced. The acetabular face of 
the ilium is quite narrow. 

The pubis is massive, much compressed transversely, with 
its distal end widely expanded, as shown in the figure (Plate 
VII). There is no post-pubis. The pubis itself projects for- 
ward, outward, and downward. Its union with the ilium is 
not a strong one, and is similar to that seen in the pubis of 
Stegosaurus. 

The ischium is smaller than the pubis, but more elongate. 
Its shaft is much curved downward and inward, and in this 
respect, it resembles somewhat the corresponding part of the 

ubis of the ostrich. There is no indication that the two 
ischia met closely at their distal ends, and they were probably 
united only by cartilage. 

A comparison of this pelvis with that of Stegosaurus shows 
some points of resemblance, but a wide difference in each of 
the elements. The pubis corresponds, in its essential features, 
to the pre-pubis of Stegosaurus, but the post-pubis is wanting.* 

*One pubis recently discovered, and represented in Plate VII, has a short, 


splint-like process, which may, perhaps, be a remnant of a post-pubic element, 
although it does not have the position of the post-pubic bone in other Dinosaurs. 
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Tue Posterior LIMBs. 


The femur is short, with the great trochanter well developed. 
The shaft is.comparatively slender, and the distal end much 
expanded. The third trochanter is wanting, or represented 
only by a rugosity (Plate VIII, figure 1). 

The tibia is of moderate length, and resembles that of 
Stegosaurus. The shaft is slender, but the ends are much 
expanded. The fibula is very slender, and the distal end was 
closely applied to the front of the tibia (Plate VIII, figures. 
2-3). In adult individuals, the astragalus is firmly codssified 
with the distal end of the tibia, as in Stegosaurus. 

The metatarsal bones which were functional are rather long, 
but massive. Their phalanges are stout, and the distal ones, 
broad and rugose, indicating that the digits were terminated 
by very strong hoofs (Plate IX, figures 7—12). 

All the limb bones and vertebree in Z7iceratops, and the 
nearly allied genera, are solid. 


THE DERMAL ARMOR. 


Beside the armature of the skull, the body also in the 
Ceratopside was protected. The nature and position of the 
defensive parts in the different forms cannot yet be determined 
with certainty, but various spines, bosses, and plates have 
been found, that clearly pertain to the dermal covering of 
Triceratops, or nearly allied genera. Several of these ossifica- 
tions were probably placed on the back, behind the crest of 
the skull (Plate X), and some of the smaller ones may have 
defended the throat, as in Stegosaurus. 


The remarkable extinct reptiles here briefly described pre- 
sent many characters which separate them widely from all 
other known Dinosaurs. Some of these characters are evi- 
dently the result of a high degree of specialization, but there 
are others that cannot be thus explained. The specialization 
evidently began in the skull, and there reached its greatest 
development. The peculiar armature of the skull has a partial 
parallel in the genus Pérynosoma among the recent lizards, 
and Meiolania among the extinct turtles. A suggestion of 
the parietal crest may be seen in the existing Chameleo, which 
offers other points of resemblance in its skull and skeleton. 
These features, however, indicate only a very remote affinity, 
and it is among the Dinosaurs alone that this group can be 
placed, as a distinct family, in the order Ornithopoda. 

The main characters which separate the Ceratopside from all 
other known families of the Dinosauria are as follows: 
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(1) A rostral bone, forming a sharp, cutting beak. 

(2) The skull surmounted by massive horn-cores. 

(3) The expanded parietal crest with its marginal armature. 

(4) The teeth with two distinct roots. : 

(5) The anterior cervical vertebre codssified with each other. 

(6) The posterior dorsal vertebree supporting, on the dia- 
pophysis, both the head and tubercle of the rib. 

The Ceratopside resemble, in various points, the Stegosauria 
of the Jurassic, especially in the vertebra, limbs, and feet. 
The greatest difference is seen in the skull, but the pelvic arch, 
also, shows a wide divergence. In the Ceratopsida, there is 
no marked enlargement of the spinal cavity in the sacrum, and 
there is no post-pubis. 

The characters above given are based upon fossils which I 
have personally investigated, including the type specimens 
of Ceratops and Triceratops, on which, mainly, the family 
Ceratopside was established. The material now at my com- 
mand includes the remains of many individuals, among which 
are portions of about twenty different skulls, and some of these 
are nearly perfect. In the memoir now in preparation, I shall 
fully describe and illustrate all the more important of these 
specimens, and likewise discuss their relations to allied forms. 

The generic names, Agathaumas, Crateomus, Monoclonius, 
and one or two others, have been given to fragmentary fossils, 
which may belong to this group, but these remains, so far as 
made known, appear quite distinct from those here described. 


In conclusion, let me say a word as to how the discoveries 
here recorded have been accomplished. The main credit for 
the work justly belongs to my able assistant, Mr. J. B. Hatcher, 
who has done so much to bring to light the ancient life of the 
Rocky mountain region. I can only claim to have shared a 
few of the dangers and hardships with him, but without his 
skill and energy, little would have been accomplished. If you 
will bear in mind that two of the skulls, represented in the 
diagrams before you, weighed nearly two tons each, when. 
partially freed from their matrix, and ready for shipment, in a 
deep, desert cafion, fifty miles from a railway, you will 
appreciate one of the mechanical difficulties overcome. When 
I add that some of the most interesting discoveries were 
made in the hunting grounds of the hostile Sioux Indians, 
who regard such explorations with superstitious dread, you will 
understand another phase of the problem. I might speak 
of even greater difficulties and dangers, but the results attained 
repay all past efforts, and I hope at no distant day to have 
something more of interest to lay before you. 
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EXPLANATION OF PLATES. 


PLATE I, 


Figure 1.—Skull of Triceratops flabellatus, Marsh; seen from the left side. 
a, nasal opening; 0, orbit; c, supra-temporal fossa; e, epoccipital ; 
h, horn-core; h’, nasal horn-core; p, pre-dentary; g, quadrate; 
r, rostral bone. 
Figure 2.—The same skull; seen from behind. 
d, dentary; p, parietal; pd, pre-dentary; s, squamosal. 
Figure 3.—Skull of Triceratops serratus, Marsh; diagram; seen from above. 
d, epijugal bone; /, frontal ; fp, postfrontal; 7, jugal; m, maxillary; 
n, nasal; p/, prefrontal; pm, premaxillary; x, pineal foramen. 
Fieure 4.—Skull of Triceratops prorsus, Marsh; seen from the front. 
All the figures are one-twentieth natural size. 


PuatTe II. 


Figure 1.—Anterior part of skull of 7riceratops prorsus, Marsh; side view; one- 
eighth natural size. 
FIGURE 2.—Front view of same. 
FiguRE 3.—The same; seen from below. 
h’, nasal horn-core; n, nasal; na, narial aperture; pm, premaxillary ; 
r, rostral bone. 
FIGURE 4.—-Pre-dentary of same individual; side view; one-eighth natural size. 
Figure 5.—Top view of same specimen. 
FigurRE 6.—Bottom view. 
a, anterior end; 0, upper border; d, groove for dentary; s, symphysis. 
Figure 7.—Cast of brain-cavity of Triceratops serratus, Marsh; side view; one- 
half natural size. 
c, cerebral hemispheres; cb, cerebellum; m, medulla; ol, olfactory 
lobe; on. optic nerve; p, pituitary body. 
FiguRE 8.—Maxillary tooth of Triceratops serratus ; outer view; natural size. 
Figure 9.—The same tooth ; side view. 
FigurE 10.—The same tooth; inner view. 
FigurRE 11.—The same tooth; seen from below. 


PuatTE III. 


FigurE 1.—Anterior cervical vertebrae of Triceratops prorsus, Marsh; side view. 
Figure 2.—Fourth cervical vertebra of same series; back view. 

a, anterior face of atlas; d, diapophysis; m, neural canal; p, pos- 
terior face of fourth vertebra; 1, rib; s, neural spine of axis; 
s’, neural spine of third vertebra; s", neural spine of fourth 
vertebra; 2’, posterior zygapophysis. 

Figure 3.—Anterior dorsal vertebra of same species; side view. 
Figure 4.—The same vertebra; front view. 
Figure 5.—Posterior dorsal vertebra of same species; side view. 
Figure 6.—The same vertebra; front view. 

a, anterior face of centrum; h, facet for head of rib; p, posterior face 
of centrum; s, neural spine; ¢, facet for tubercle of rib; z, anterior 
zygapophysis. 

All the figures are one-eighth natural size. 


PuLaTE IV. 


Figure 1.—Sacrum of Triceratops prorsus, Marsh; seen frora below; one-eighth 
natural size. 
a, anterior face of first sacral vertebra; , posterior face of last sacral 
vertebra; s, neural spine of last vertebra; z, anterior zygapophysis 
of first vertebra; 1-10, transverse processes, left side. 
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PLATE V. 


Figure 1.—First caudal vertebra of Triceratops prorsus, Marsh; side view. 

Figures 2-3.—Front and back views of same vertebra. 

Fiaure 4.—Median caudal of same species; side view. 

Figures 5-6.—Front and back views of same vertebra. 

Figure 7.—More distal caudal of same species; side view. 

Figures 8-9.—Front and bottom views of same vertebra. 

Figures 10-12.—Distal caudal of same species; side, front, and bottom views. 

a, anterior face of centrum; c, face for chevron; n, neural canal ; 
p, posterior face of centrum; 7, rib; s, neural spine; 2, anterior 
zygapophysis; 2’, posterior zygapophysis. 
All the figures are one-eighth natural size. 


PuaTE VI. 
Fieure 1.—Right scapula and coracoid of Triceratops prorsus, Marsh; side view. 
FiegurE 2.—Right humerus of same species; front view. 
Fietre 3.—Left ulna of same species; front view. 
cr, coracoid; g, glenoid fossa; h, head; 0, olecranon; 7, radial crest ; 
r’, face for radius; s, suture; sc, scapula. 
All the figures are one-eighth natural size. 


PLATE VII. 
Figure 1.—Pelvis of Triceratops flabellatus, Marsh; side view: one-twelfth 
natural size. 
a, acetabulum; 7. ilium; és, ischium; p, pubis. 
Figure 2.—Pubis of Triceratops prorsus, Marsh; side view ; one-eighth natural size. 
Figure 3.—The same pubis; top view. 


FIGURE 4.—The same; side view. 
a, proximal end; 8, face for ilium; ¢, pubic process; d, distal end. 


PuaTe VIII. 
Figure 1.—Left femur of Triceratops prorsus, Marsh; front view. 
Figure 2.—Left tibia of same species; front view. 
Figure 3.—The same tibia; distal end; back view. 
a, astragalus; c, inner condyle; c’, cnemial crest; /, face for fibula; 
h, head; ¢, great trochanter. 
All the figures are one-eighth natural size. 


IX. 

Figure 1.—Metacarpal of Triceratops prorsus, Marsh; front view; one-eighth 
natural size. 
Figures 2-3.—The same; side and back views. 
FieurE 4.—Terminal phalanx of manus of Triceratops flabellatus, Marsh; front 
view; one-fourth natural size. 
Figures 5-6.—Side and back views of same. 
Figure 7.—Metatarsal of Triceratops prorsus; side view; one-eighth natural size. 
Figures 8-9.—Front and side views of same. 
Figure 10.—Ungual phalanx of Triceratops horridus, Marsh; front view; one- 
fourth natural size. 

Figure 11.—The same; side view. 
FigurE 12.—The same; posterior view. 

PLATE X. 
Figure 1.—Dermal spine of Triceratops; side view; one-eighth natural size. 
Figures 2-3.—Front and top views of same. 
FieurE 4.—Dermal plate of Triceratops; top view; one-eighth natural size. 
Figure 5.—Bottom view of same. 
Figures 6-7.—Side and end views of same. 
Figures 8-10.—Dermal plate of Triceratops; top, bottom, and side views; one- 

eighth natural size. 

Figure 11.—Dermal ossification of Triceratops; side view; one-half natural size. 
Figure 12.—Front view of same. 
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